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JANUARY MEETING. 


Youne’s Horet, Boston, Jan. 8, 1890. 


President Brackett occupied the chair at the January meeting, which was held 
at Young’s Hotel, Boston, January 8. The following-named gentlemen were in 
attendance : — 

Solon M. Allis, Superintendent, Malden, Mass. 

R. W. Bagnall, Superintendent, Plymouth, Mass. 
Dexter Brackett, Superintendent, Boston, Mass. 

Geo. F. Chace, Superintendent, Taunton, Mass. 

R. C. P. Coggeshall, Superintendent, New Bedford, Mass. 
F. H. Crandall, Superintendent, Burlington, Vt. 

Lucas Cushing, Assistant Superintendent, Boston, Mass. 
Edwin Darling, Superintendent, Pawtucket, R.I. 
Nathaniel Dennett, Superintendent, Somerville, Mass. 
F. F. Forbes, Superintendent, Brookline, Mass. 

Frank L. Fuller, Civil Engineer, Boston, Mass. 

John A. Gould, Jr., Assistant City Engineer, Boston, Mass. 
E. H. Gowing, Civil Engineer, Reading, Mass. 

J. C. Haskell, Superintendent, Lynn, Mass. 

L. E. Hawes, Civil Engineer, Boston, Mass. 

Wm. M. Hawes, Commissioner, Fall River, Mass. 

Geo. A. Kimball, Civil Engineer, Boston, Mass. 

W. F. Learned, Assistant City Engineer, Boston, Mass. 
Hiram Nevons, Superintendent, Cambridge, Mass. 

Geo. J. Ries, Superintendent, East Weymouth, Mass. 
W. H. Richards, Superintendent, New London, Conn. 
A. H. Salisbury, Superintendent, Lawrence, Mass. 

Geo. A. Stacy, Superintendent, Marlboro’, Mass. 

L. A. Taylor, Civil Engineer, Boston, Mass. 

D. N. Tower, Superintendent, Cohasset, Mass. 

C. K. Walker, Superintendent, Manchester, N.H. 
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F. W. Wilder, Treasurer, Woodstock, Vt. 
Geo. E. Winslow, Superintendent, Waltham, Mass. 
E. T. Wiswall, Commissioner, Newton, Mass. 
M. F. Wright, Superintendent, Lowell, Mass. 
E. R. Jones, Boston, Mass. 
Prof. T. M. Drown, Massachusetts Institute Technology. 
D. J. White, Clerk Common Council, Pawtucket, R.I. 
Z. R. Forbes, Assistant Superintendent, Brookline, Mass. 
J. G. Dennett, Pumping Engineer, Salem, Mass. 
Edward Sweeney, Commissioner, Marlboro’, Mass. 
Chas. W. Holyoke, Commissioner, Marlboro’, Mass. 
Wm. G. Goldthwait, Commissioner, Marblehead. 
A. P. Barrett, Water Registrar, Woburn, Mass. 
>, F. Crilly, Superintendent, Woburn, Mass. 
. W. Worthley, American Frost Meter Company, Boston, Mass. 
. M. Betton, Henry R. Worthington, Boston, Mass. 
. F. Brodrick, Chadwick Lead Works, Boston, Mass. 
. W. Deane, Deane Steam Pump Company, Holyoke, Mass. 
. A. Gorham, Gilchrist & Gorham, Boston, Mass. 
Ibert S. Glover and H. D. Minton, Hersey Meter Co., South Boston. 
. F. Jenks, Fall River, Mass. 
C. H. Baldwin, National Meter Company, New York. 
F. P. Stevens, Peet Valve Company, Boston, Mass. 
C. E. Roberts, Hartford Steam Boiler Inspection and Insurance Co., 
Boston. 
J. P. K. Otis, Union Meter Company, Worcester. 
B. F. Polsey, Walworth Manufacturing Company, Boston. 
E. L. Abbott, Water Waste Prevention Company, New York. 
J. P. Blossom, Whittier Machine Company, Boston. 
Charles H. Eglee, Contracter, Flushing, N.Y. 


After dinner had been served the meeting was called to order by the President, 
and the Secretary presented the following names of candidates for election to 
membership : — 

RESIDENT ACTIVE MEMBERSHIP. 
Lewis M. Bancroft, Chairman Water Commission, Reading, Mass. 
Walter Hale, Civil Engineer, Westfield, Conn. 
Arthur F. Salmon, Member Water Board, Lowell, Mass. 
F. P. Webster, Superintendent Water Works, Lake Village, N.H. 
Philip J. Doherty, Member Water Board, Boston, Mass. 
Charles E. Drake, Civil Engineer, New Bedford, Mass. 
Z. R. Forbes, Assistant Superintendent Water Works, Brookline, Mass. 
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ASSOCIATE MEMBERSHIP. 
Wilmer Reed, Agent McNeal Pipe and Iron Co., Burlington, N.J. 


On motion of Mr. Hawes, the Secretary was authorized to cast the ballot of 
the Association for the applicants, which he did, and the President declared 


them elected members. 
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The following papers were read anJ discussed by the Association : — 

«¢ Notes on Laying a 20-inch Main,” W. H. Richards, New London. 

‘‘ Water Supply at the Boston Fire of Nov. 28, 1889,” Dexter Brackett. 
‘* Stealing Water,” G. A. Kimball. 

*¢ Laying of a 10-inch Pipe in Leicester, Mass.,’’ F. L. Fuller. 

«¢ Effect of Water-hammer in Cement Pipes,” G. L. Winslow. 


The papers were discussed by Messrs. Jones, Hawes, Fuller, Darling, Tidd, 
Gowing, Stacy, Walker, Barrett, Nevons, Allis, Crilly, and Haskell, after which 
the Association adjourned, to meet on February 12. 


Note. — The above papers and discussion will be printed in a future number of the Journal. 


SOME NEW EXPERIMENTS AND PRACTICAL TABLES RELATING 
TO FIRE STREAMS. 


BY 


Joun R. Freeman, Hydraulic Engineer. 





Presented at the meeting of the New England Water Works Association, Boston, 
December 11, 1889. 





A little more than two months ago I presented to the American Society of 
Civil Engineers an account of an extended series of experiments upon Fire 
Streams. Your Presidentand Secretary have requested me to present this matter 
to your attention at this time by reason of the peculiar interest which recent 
events give to the subject of fire protection, and from a belief that to you, as 
the gentlemen who supply the water which the fireman uses, the practical tables 
accompanying the original paper would have value. I would refer any of you 
who may happen to desire full and complete knowledge of the means by which 
these tables were derived, to the “Transactions of the American Society of 
Civil Engineers ” fur November, 1889, as that memoir, and not this address, is 
intended to be the scientific record. 

Within the past fifteen days the value of ten million dollars has gone up in 
smoke within ten miles of the spot where we meet to-day. As an eye-witness 
to these fires I have seen abundant proof of the importance of the scientific 
study of water supply in its relation to fire protection. 

In the ordinary average year the destruction by fire in the United States alone 
is upward of one hundred million dollars; and in the United States alone it is 
estimated that twenty-five million dollars are spent in maintaining fire depart- 
ments. 

It is the furnishing of water for fire purposes which measures the capacity of 
your pumps and pipes and gives them their severest test. 

Thus there need be no apology for the subject to which attention is directed at 
this, our first dinner of the winter, and I trust you may not find the flow of water 
in hose a dry subject. . 
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In this large gathering I see so many new faces that I am tempted to follow the 
advice of the eloquent Motley, who said that when an unknown author presents 
his views upon an important theme he should begin by stating who he is. 

Some of you, gentlemen, have had occasion to know me as one who vigor- 
ously holds that water-meters on a pipe supplying automatic sprinklers are a 
device of the devil; others among you recognize in me a man who sometimes 
suddenly opens a dozen hydrant streans at some mill-yard, just to see what your 
water works are good for, or to demonstrate to a mill manager that his boast of 
their excellence is a delusion and a snare, and so stirs things up that that end of 
the town gets muddy water for a few days. 

Still others of you know me as an engineer who tries to combat the false 
doctrine held in some ‘‘ back towns,” that forty pounds is a * fire pressure,” or 
the more prevalent error that a six-inch pipe a mile long will supply half a dozen 
good fire streams, or may have heard me advocate the doctrine that the man who 
lays a long four-inch pipe for a hydrant main ought to be banished from the land 
of combustible architecture. 

To the others among you I beg to say that by education and profession and 
love for the work, I am a hydraulic engineer, and at present hold the position of 
engineer to an association of insurance companies. 

In one small corner of the broad field of hydraulics I have tried to rear 
a modest structure resting on a secure foundation and fairly well finished 
throughout, and in building this structure I have earnestly tried to avoid using 
second-hand lumber. 

I had for some time previously regularly used in my practice the tables of 
Geo. A. Ellis, a member of this society, and was also familiar with the pub- 
lished results of the experiments of another engineer, well known to you, 
Mr. E. B. Weston, of Providence. 

One should speak well of the old bridge that has oft served his convenience, 
and the thanks of the craft are still due Mr. Ellis for the eminently practical 
and convenient form to which he reduced his results.! 

When it was attempted to apply the Ellis Fire Stream tables to exact and ac- 
curate work there was trouble, for the discharge by these tables differed from 
plunger displacement more than could be attributed to ‘loss of action” in the 
pump. . 

And as to loss of pressure by friction in rubber hose, these tables gave but one 
value for the loss in a given length under a given discharge through common 2$-inch 
fire hose, thus implying that the conducting power of all kinds was practically 
alike. Yet, from examining different samples, it was evident that the differences 
in smoothness of waterway and differences in actual diameter must make the 
friction loss very different in different kinds of hose, and the exact kind which 
happened to be experimented on by Ellis was not known. 

Turning to Weston’s experiments, his results, except for the 1l-inch smooth 
nozzle, were left in a form somewhat unhandy for ordinary use, being stated 





1 Departing for a moment from this strict line of our subject, it may be said that I consider 
the shape in which Mr. Ellis presented his little table for the flow of water in pipes in his book 
on Fire Streams (p. 38) is by far the most convenient form that has appeared, although in some 
cases I might, perhaps, prefer to slightly change the figures. 
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only in algebraic formule, and although his estimates of the quantity discharged 
from nozzles appeared reasonable and are since proved to have been accurate, 
yet his experiments on friction loss in hose took no cognizance of these differ- 
ences in diameter or character of surface, and were rendered just a little uncer- 
tain from having been all made with hose coupled with the old-style coupling, 
whose bore was } inch smaller than that of the hose. Mr. Weston would no 
doubt gladly have left the matter in more complete form had occasion permitted, 
and the conscientious care and general accuracy of his experiments remain un- 
questioned. ( 

For unlined linen hose, of which thousands of feet are sold yearly to be used in 
certain dry indoor places, for which, if honestly made, it is the best kind of all, 
there were no experiments on record anywhere. 

I was therefore earnest and anxious for more light on this subject, and on my 
presenting the matter to the association of underwriters known as the Associated 
Factory Mutual Insurance Companies of New England, they provided the funds 
to meet the very considerable expense required for apparatus and assistant 
observers. 

The subjects investigated were : — 

First. Gallons per minute discharged under various pressures by nozzles of 
about 40 different shapes and sizes. 

Second. Loss of pressure by friction in fire-hose of various degrees of smooth- 
ness and under various different velocities of flow. 

Third. Effect of curves and crooks in the line of fire-hose upon loss of pres- 
sure. 

Fourth. Effect of reduction of area of waterway at couplings upon loss of 
pressure in hose. 

Fifth.” Height and distance reached by jets of water under various pressures 
and from nozzles of various size. 

Sizth. Difference between height or distance of extreme drops as measured 
at a firemen’s muster and the height as a good practical fire stream. 

Seventh. Comparative efficiency of ring nozzle vs. smooth nozzle, and of 
other kinds. 

Eighth. Distribution of velocity in jets, or comparative swiftness of current 
at various points in the cross-section of jet as it issues from nozzles. 

Finally. Practical tables were computed covering the range of sizes com- 
monly used. 

The experiments were made at the Washington Mills, Lawrence, and through 
the kind influence of your member, Mr. Hunt Salisbury, the city generously 
codperated in permitting the free use of the excellent public water supply. 

A full technical description of the details of the experiments is given in the 
Transactions of the American Society of Civil Engineers for November, 1889, 
which paper most of you would find very dry and tedious reading. You, gentlemen, 
are of an eminently practical turn, and will, I think, be interested chiefly in the 
practical results; but that you may have confidence in these results, I must give 
a brief description of the means taken to insure accuracy. 

The experiments were made about a year and a quarter ago. The field-work 
occupied about two months, and the computation and reduction of the notes into 

" practical form occupied most of my evenings from August to May. 
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only in algebraic formule, and although his estimates of the quantity discharged 
from nozzles appeared reasonable and are since proved to have been accurate, 
yet his experiments on friction loss in hose took no cognizance of these differ- 
ences in diameter or character of surface, and were rendered just a little uncer- 
tain from having been all made with hose coupled with the old-style coupling, 
whose bore was } inch smaller than that of the hose. Mr. Weston would no 
doubt gladly have left the matter in more complete form had occasion permitted, 
and the conscientious care and general accuracy of his experiments remain un- 
questioned. » 

For unlined linen hose, of which thousands of feet are sold yearly to be used in 
certain dry indoor places, for which, if honestly made, it is the best kind of all, 
there were no experiments on record anywhere. 

I was therefore earnest and anxious for more light on this subject, and on my 
presenting the matter to the association of underwriters known as the Associated 
Factory Mutual Insurance Companies of New England, they provided the funds 
to meet the very considerable expense required for apparatus and assistant 
observers. 

The subjects investigated were : — 

First. Gallons per minute discharged under various pressures by nozzles of 
about 40 different shapes and sizes. 

Second. Loss of pressure by friction in fire-hose of various degrees of smooth- 
ness and under various different velocities of flow. 

Third. Effect of curves and crooks in the line of fire-hose upon loss of pres- 
sure. 

Fourth. Effect of reduction of area of waterway at couplings upon loss of 
pressure in hose. 

Fifth.” Height and distance reached by jets of water under various pressures 
and from nozzles of various size. 

Sizth. Difference between height or distance of extreme drops as measured 
at a firemen’s muster and the height as a good practical fire stream. 

Seventh. Comparative efficiency of ring nozzle vs. smooth nozzle, and of 
other kinds. 

Fighth. Distribution of velocity in jets, or comparative swiftness of current 
at various points in the cross-section of jet as it issues from nozzles. 

Finally. Practical tables were computed covering the range of sizes com- 
monly used. 

The experiments were made at the Washington Mills, Lawrence, and through 
the kind influence of your member, Mr. Hunt Salisbury, the city generously 
codperated in permitting the free use of the excellent public water supply. 

A full technical description of the details of the experiments is given in the 
Transactions of the American Society of Civil Engineers for November, 1839, 
which paper most of you would find very dry and tedious reading. You, gentlemen, 
are of an eminently practical turn, and will, I think, be interested chiefly in the 
practical results; but that you may have confidence in these results, I must give 
a brief description of the means taken to insure accuracy. 

The experiments were made about a year and a quarter ago. The field-work 
occupied about two months, and the computation and reduction of the notes into 


" practical form occupied most of my evenings from August to May. 
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PRESSURE GAUGES. 

In measuring pressures, for most practical purposes the ordinary Bourdon 
gauge is a very convenient, satisfactory instrument; but if one wishes to measure 
pressures and do very accurate scientific work in which it shall be absolutely 
certain that the gauge error is not one or two pounds to the hundred, then the 
ordinary forms of Bourdon gauge and even the expensive ‘ test-gauges”’ are 
somewhat uncertain. 

They are subject to unaccountable little variations, coming no doubt from the 
liability of the curved tubular spring to ‘‘ take a set,” and from the way an exceed- 
ingly minute change of form is exaggerated and multiplied by their levers and 
gears. 

I therefore designed two light and portable open mercury columns, each about 
twenty feet tall and registering up to about 120 lbs. pressure, and used these in all 
the more important determinations. On these a difference of one-hundredth of a 
pound was distinguishable, and a tenth of a pound was indicated with positive 
certainty. . 

MEAsuRING-TANKs. 

To measure the number of gallons of water flowing per minute I had a square 
or rather oblong tank holding 1,450 gallons constructed of plank, timbered it 
heavily enough so it could not spring perceptibly, and then lined this with sheet- 
* zine, with the joints all soldered perfectly tight. I had means of measuring the 
depth in this tank to about the one-hundredth part of an inch. We measured the 
time of filling the tank by a stop-watch read to tenths of a second (though prob- 
ably not really sure of this time much closer than a quarter of a second), and 
taking all things into account it appeared impossible for any measurement of 
the gallons per minute flowing to be more than a half of one per cent. in error. 


PIEZOMETERS. 


The next point was to attach the pressure-gauge to the hose or to the base of 
the play-pipe or nozzle so as to measure the exact pressure with accuracy. 

This might appear the simplest thing in the world; and so it is, if one goes to 
work the right way. If one is working for accuracy, great care must be given to 
the proper arrangement of this ‘‘ piezometer,” as it is commonly called by engi- 
neers, and which means simply the pressure-gauge orifice in the wall of the pipe or 
hose. 

If it were attempted to connect the gauge (as I have seen done) to a piece of 
4-inch pipe tapped into the side of the main pipe and projecting a little into the 
pipe, the current flowing past this projecting end would, if the current were swift 
as that in a fire-hose, cause such a sucking effect as to make the gauge read one 
or two pounds too low. 

For accurate results our piezometric hole must have its edges exactly flush 
with the inside surface of the conduit or pipe, and without the slightest projecting 
roughness or burr; it must be drilled exactly square to the axis of the pipe, and 
the direction of the current must be parallel to the wall in which this piezometric 
hole is drilled. : 

So simple does this whole matter seem, that many of you will be surprised to 
leara that some of the most eminent hydraulic engineers have seriously ques- * 
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tioned whether it were really possible to measure the pressure with great accuracy 
through a hole thus drilled in the side of a pipe, and will be surprised, perhaps, to 
learn that one of the most skilful hydraulicians of the time, Mr. Hiram F. Mills, 
of Lawrence, spent several months’ time and quite a good many hundred dollars 
in investigating and settling this very point, and determining just what conditions 
were necessary to insure accuracy. I was an assistant to Mr. Mills at the time 
these experiments were made, some fifteen years ago, and by reason of the knowl- 
edge there gained gave much care to my piezometers, and for these experiments 
designed some of the form shown below. 
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You will notice that there are four holes in the side of the pipe, all communi- 
cating with the hollow ring surrounding its outside. The object of so many of 
these was to obtain the true average pressure, if, as is sometimes the case with a 
swift velocity and a pipe not absolutely straight, the current happened to set a 
little harder against one side than the other. 

The next step in the road toward accuracy is to be absolutely sure that the 
rubber tube or pipe, if more than a few inches long, leading from the piezometer 
to the gauge is filled with water and is absolutely free from air or bubbles, as 
these lighten the water column and make the gauge read too high. Therefore 
the connecting-tube should all the way run on a slope up toward the gauge; and 
a cock must be provided close to the gauge, which, being opened before the 
experiment, will allow the water pressure to drive out the air. 

I have mentioned these items with some fulness, since I am addressing a body 
of men who often like to do a little hydraulic experimenting on their own 
account, and because we have whole rafts of experiments floating down the 
records of hydraulics which are next to worthless as data, because such precau- 
tions have not been observed. 
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Tue Source oF THE WATER SupPty. 

In addition to the city pressure, which at this point is about 75 lbs. and very 
free from fluctuation, we had the mill fire-pumps at command, and could thus 
raise the pressure to 130 lbs. As the air-chamber on these pumps did not insure 
quite so steady a pressure as was desired, I extemporized a gigantic air-chamber 
by drawing off the water from the fire-pipes throughout the mill, which is a very 
large one (about fourteen acres of floor), and after these were filled with air 
connected them with the pump-pipe; and we had no trouble from small pipes 
at this mill yard, for I had planned them myself some years before, and the yard 
main was 16 inches in diameter. 


QuanTITY DiscHaRGED BY NozzLes. 

So much for some of the means and appliances, now for the experiments. 

The first which may claim our attention are those to determine the gallons per 
minute discharged by a nozzle of a given size under various pressures. 

- The general arrangement of the apparatus is shown in Figs. 3, 4, 5, and 6, on 
opposite page. 

The piezometer (Fig. 1), which I have already described, was screwed between 
the base of a play-pipe and the end of the hose, and the water pressure at that point 
thus measured by means of the mercury gauge. The jet pointed upward as in 
practice, and after the stream had got into a condition of steady, regular flow 
the jet was caught by a hood and let fall into the measuring-tank. One observer 
read the pressure-gauge each half-minute; another worked the stop-watch, and 
measured the depth in the tank; and another manipulated the nozzle and regu- 
lated the pressure. 

We experimented in all upon nearly forty different nozzles, — smooth nozzles, 
ring nozzles, plain nozzles, fancy nozzles, and of size varying from a #-inch up 
to a Siamese nozzle of 2} inches in diameter. The experiments, besides yielding 
a rule or formula by which the delivery of almost any nozzle of a given diameter 
can be accurately computed, and by the aid of which the discharges in the tables 
presented at the end of this article are computed, also yielded the following inter- 
esting points : — 

The first point of interest was that it was proved in such a manner as to leave no 
room for doubt that the Zilis tables are seriously in error in their estimate of 
discharge, and that the actual discharge of any ordinary smooth nozzle is about 
183 per cent. greater than stated in the Ellis tables. For ring nozzles the Ellis tables 
were also found to be seriously in error; the true discharge being about 153 
per cent. greater than given by Ellis. It may be stated also that Mr. Weston’s 
experiments on nozzles give results agreeing well with those obtained by me, and 
also disproving those of Ellis, and that records of certain results by earlier ex- 
perimenters also are at variance with the Ellis tables. This unaccountable error 
in Ellis’ work is greatly to be regretted, since, owing to their convenient form, 
his results have been copied and reproduced into numerous trade catalogues 
and hand-books. 

The second point of interest was that a ring nozzle of ordinary form with 
shoulders ;'5 to }-inch deep discharges only about three-fourths as much water as 
a smooth nozzle of the same size. Any one may illustrate this readily ina rough 
way to his own satisfaction by calipering the stream from a ring nozzle close to 
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the outlet. The jet from 1}-inch ring will be found only about one inch in 
diameter, or of approximately 3 of its area. 

Third. The general hydraulic law that thedischarge of a nozzle is in propor- 
tion to the square of the pressure was found to apply with great exactness. In 
other words, the coefficient of discharge was found constant for the different pres- 
sures within the range of experiments. 

Fourth. For measuring water under high pressures the nozzle furnishes a 
means of measurement fully as accurate, and even more accurate, than the weir, 
providing the pressure is measured close to base of play-pipe by an accurate 
gauge attached to a suitable piezometer like that shown in Fig. 1. 

This was proved by the general agreement in the relation of the theoretical 
discharge to the actual discharge (or coefficient of discharge, as we call it in 
hydraulics), in experiments upon fifteen or twenty different smooth nozzles. 

It was also proved by experimenting with six different 1}-inch smooth nozzles 
in which the diameter of the orifice was practically identical, but which nozzles 
were of different forms of convergence and of different shapes on the inside, and 
which, moreover, having been made in different shops and by different workmen, 
had their waterways polished out with somewhat different degrees of skill and 
smoothness. If any of you have a special interest in this matter, you will find 
the experiments recorded in detail in the paper as published in the Transactions 
of the American Society of Civil Engineers, Nov., 1889. 

For these different nozzles it was found that under a pressure of 30 lbs., and 
again with a pressure of 40 lbs., at base of play-pipe, the difference from the least 
to the greatest, in their rates or coefficients of discharge, was less than three- 
fourths of one per cent. 

In other words, it was, I think, proved beyond question that having by good 
experiments determined that the coefficient of discharge for a smooth nozzle of 
an ordinary good form like that which I have here, and which is shown in Fig. 
21, is, say, 0.977, we can rely with certainty on the fact that for any other smooth 
nozzle of exactly this same size of outlet and of somewhere near the same shape, 
the discharge for any given pressure will be the same within a half of one per cent. 

Now, a half of one per cent. is exceedingly close work in a hydraulic measure- 
ment, and it is to be understood that this degree of accuracy is to be warranted 
only when the pressure measurement, the arrangement of piezometer, and the 
calipering of the diameter of the nozzle are all done with the greatest care. 

Some books on hydraulics recommend the use of a sharp square-edged orifice 
as a means of gauging the flow of water. The edges of such an orifice are never 
absolutely square and sharp, and if diameters happen to be not more than one or 
two inches, the slight rounding of this corner makes the measurement of the 
effective diameter uncertain to a degree which may easily introduce errors of 
one per cent. in the computed discharge. In this regard the nozzle is practically 
far superior to this in accuracy, since, if well made, its diameter can readily be 
calipered with certainty to the thousandth of an inch. 


THe Nozzce as A Water METER. 
For general purposes of measuring great volumes the weir must ever remain 
the standard method, but for measurements of smaller volumes under high pres- 
sure, the nozzle as a gauging instrument has, I believe, a high value. 
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To avoid possible misapprehension I would distinctly say that the tables at the 
end of this paper are not designed for this extremely accurate gauging, but are 
arranged rather for the quick and handy use of the water-works superintendent 
or of the insurance inspector, and would say, that for this extremely accurate 
work the pressure must always be measured close to the nozzle. 

A committee of the American Society of Mechanical Engineers has under con- 
sideration the question of a standard method for pumping-engine tests. The 
difficulty and expense of providing a weir at many places where direct pumping 
is done has led one prominent member of this committee to advocate the occa- 
sional use of the pump itself as a water meter, making corrections for clearance 
and slip, and length of stroke. 

To me it seems this is liable to be too uncertain in an important test, and I 
would therefore suggest the nozzle. 

I am at present making preparations for some tests on certain small pumping- 
engines, and have under construction a new pattern of Siamese nozzle which, 
although intended to be as good as the best for throwing a 1} to a 24 inch fire 
stream, is also especially adapted for use in measuring water. I had hoped to 
have this here to exhibit to you to-day, but from Fig. 2 you will see how handy 
is its application. 

I would remark, however, that this sketch was made before the apparatus it- 
self was built, and that the apparatus is less unwieldy than the sketch (Fig. 
2) might imply. The barrel is of 3} inches internal diameter. 
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The peculiarity of this Siamese nozzle lies in the great care taken to so shape the waterways 
where the three streams unite and bend upward, that no whirls or eddies shall be produced in 
the current of water. . 

First. The bends upward are circular arcs carefully made tangent to the axis of the play- 
pipe, —and made plane curves, avoiding even the slightest warping or corkscrew-like twist, lest 
the water current be thereby set rotating. 

Second. The cylindrical cross-section of the waterway of each of the three branches was 
carefully merged into Y-shaped section where the branches united near B, thus preserving a thin 
partition of metal between each, so the currents do not unite until the straight single pipe is 
reached at B. 

Third. The area of each waterway was carefully and gradually reduced as the branches 
came together going toward B, so that the water moves about 15 per cent. faster at B than at A. 
This gradual convergence tends to prevent eddies in the water at the concave side of the bend. 

Fourth. Hollow cross-connections between the three branches at A were formed in the 
casting, so that in case one line of hose happened to be delivering more water than the others, the 
currents wouid, under the influence of the diminished area at B, tend to equalize, and thus give a 
more uniformly distributed current in pipe approaching the nozzle. 

Fifth. To further reduce the liability to twisting of the currents, a thin 3-way “‘ rifle blade,” 
so called, extends from B for 16 in. toward C, this being set so that the blades halve the current 
from each of the three branches. At C is a hollow ring covering four orifices, and thus forming a 
piezometer on the same principle as that shown in Fig. 1. The ends at A are each fitted with an 
ordinary hose-coupling. Claws on the bottom of Siamese prevent its kicking back, and two light 
movable props, which can instantly be folded up out of the way and held in the spring-hooks 
alongside the barrel, serve to conveniently support it at,any convenient angle, as shown. 


This, all complete, will not weigh more than 75 pounds, and except for the 
pattern-work, which absorbed a good deal of time, by reason of the care taken in 
trying to give the curves and junction an almost mathematical exactness of form, 
would probably cost less than $100, exclusive of the pressure-gauge. One man 
can carry it easily from place to place, can set it up all ready for use in ten min- 
utes, and yet it will, I think, prove equal to the gauging of a flow of 1,400 gallons 
per minute, or at the rate of 2,000,000 gallons per 24 hours, with an accuracy and 
certainty not excelled by the best-arranged weir. 

All the setting-up required is to connect three lines! of good, new rubber-lined 
hose into it, and all the change or fittings required about the pump would be 
simply to attach some hose-valves to its force main. A table or a diagram of 
discharges for each pound of pressure can be prepared easily, so nothing will be 
necessary but to read the gauge and refer to the table for the gallons per minute. 

A larger apparatus on the same plan could of course be made to take more 
lines of hose and measure the capacity of a larger pump, or a number of the 
smaller ones could be used. 

I shall test this, and will let you know how practical use proves it. I have 
already done some experimenting with a less perfect apparatus, or I might not 
be so sanguine about this new one. It strikes me there are some other purposes 
about water works for which this simple, accurate, and portable water meter of 
great capacity would be useful, such as testing a pipe line for obstruction. or for 
measuring the volume that the distribution system could supply at a given point 
in the city without reducing the pressure below a given point. Moreover, a con- 
trivance of this size, or larger, would be handy for the engineman to have at hand 
to test his pump with from time to time to see if the “ slip ” were becoming too 
large. 





1 I expect that it will also serve to take care of the water from four lines of hose, by connect- 
ing a common 2.way Siamese into the middle branch. 
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Fora ‘‘ duty trial ” where large interests are at stake a mercury pressure- gauge 
would be most exact and satisfactory. Still, the Bourdon gauge will measure the 
water-pressure here as well as it will the steam-pressure, and will even do it bet- 
ter, or, in fact, about twice as well, for 2 per cent. error in the nozzle-pressure will 
cause only about | per cent. error in the discharge. 

A good Bourdon duplex spring gauge, if compared and rated before and after 
the test by the beautifully simple and accurate (if properly used) gauge-tester 
made by the Crosby Gage & Valve Co. will answer almost every practical pur- 

“pose. 

The Venturi meter of Herschel will doubtless prove a very valuable instrument 
for the same class of work, of measuring large volumes under pressure, or for a 
permanent apparatus; but for temporary use in cases where the escape of the 
water is allowable the nozzle will, I think, unquestionably prove the cheaper 
and simpler, and give a little more precision of measurement. 

As I said above, this very handy apparatus, while capable of serving for the 
most accurate kind of a meter, is also adapted for use as a piece of heavy artillery 
by the fire department; and the care taken in shaping its waterway, where the 
three streams merge into one, gives a freedom from eddies and twists and eross- 
currents in the nozzle which will, I trust, make it shoot a considerably more 
clean and solid jet than that ordinarily obtained from a Siamese nozzle. 


Loss oF Pressure BY Friction IN Frre-Hose. 


This is the next point of interest connected with the experiments. This fric- 
tion loss was determined for fourteen different kinds of 24-inch hose. These 
were intended to represent all the typical kinds of hose in ordinary use, but no 
attempt was made to experiment upon all the different makes, sizes, and brands 
in the market, —these being so very numerous. The tests embraced leather 
hose, solid rubber hose, unlined linen hose, and rubber-lined hose of various 
kinds. Not only was 24-inch hose tested, but some experiments were made with 
hose of 2 inches and 24 inches in diameter. A surprising difference was found 
in the conducting power of the different kinds of hose. 

The hydrant-pressures in the different experiments varied from 15 to 125 pounds 
per square inch, and the delivery of the hose from about 50 to 325 gallons per 
minute. We thus had velocities of flow ranging all the way from 3 to 21 feet per 
second. 

The details of the experiments are fully described in the Transactions of the 
American Society of Civil Engineers, to which I have already referred, and ex- 
tended tables are there given showing the gauge reading, the lengths, the deliv- 
ery, and the friction loss fur 124 different experiments. It is hardly worth while 
to go into details here, but I will try to give, briefly as may be, the general re- 
sults of the experiments. 


GENERAL ARRANGEMENT OF THE APPARATUS. 


The effort was made useless in all respects to reproduce practical conditions 
as nearly as possible. The hose was connected to a Chapman hydrant at its up- 
stream end, and nozzles of first one size and then another, varying all the way 
from three-quarters of an inch up to one and three-quarters inches in diameter, 
were attached to the down-streamend. The hose rested upon a uniformly sloping 
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plank platform about 350 feet in length, and the length of hose at one time under 
experiment varied anywhere from 50 to 325 feet. Although 325 feet was the 
greatest length used in any case, the results of the experiments are entirely 
applicable to any-length however great, even up to half a mile, as the friction 
loss determined for 100 feet would be substantially the same for any other 100 
feet of the same hose under the same conditions. It may be stated that experi- 
ments made first with a line of hose 300 feet long, then 150 feet, then 100 feet, 
and then 50 feet of the same hose, showed that the loss was, as might be sup- 
posed, strictly proportional to the length of the hose; in other words, with any 
given number of gallons per minute flowing, the loss of pressure in a line of hose 
300 feet long was found to be almost exactly three times as much as the loss of 
pressure in apiece 100 feet long. 

The pressures within the hose at various points were measured by means of 
mercury gauges and the piezometers already mentioned; the piezometers being 
coupled into the line between two sections of the hose at any desired point. Al- 
though the pressure directly at the hydrant was noted in many of the experiments, 
yet the up-stream piezometer and pressure-gauge from which friction loss was 
computed were generally located 25 feet down-stream from the hydrant, in order 
to get the pressure at a point far enough away from the hydrant to be certain that 
the current had got into a regular condition of steady flow. The measurement 
of the number of gallons of water discharged per minute was for those pressures, 
as well as for those on nozzles, made in the tank already described. 

Care was taken to support the rubber tubing which connected the piezometer 
with the pressure-gauge so it should be on an even slope upward toward the 
gauge, in order that air-bubbles might not lodge and affect the results. More- 
over, just before and after each set of experiments a waSte-cock connected 
directly to the gauge was opened for a moment, so that the swift current through 
this small tube should effectually wash out any possible bubbles. The cocks 
between the gauge and the piezometer were generally kept wide open during an 
experiment, for I believe that small errors are often introduced by the too close 
throttling of a gauge to check oscillations, as often practised. 

If there happens to be a minute leak between the gauge and the point throttled, 
then the gauge may be made to read much too low (in these experiments we took 
good care that there were no such leaks) ; orif it so happens that the water flows 
through the orifice in the cock or diaphragm more readily in one direction than 
in the other, then as the waves or oscillations occur the gauge reads a little too 
high or a little too low, according to the direction in which the flow happens to 
be easier.! 

We had a straight line painted along the plank platform, mentioned above, and 
stretched our hose out empty along this straight line. On letting the water into 
the hose, hose of almost every kind expands somewhat in length. For some 
kind of hose, a piece 100 feet long when empty will be 105 feet long when full of 





1It sometimes happens when the passage or the cock leading to a gauge is so closely throttled 
that a minute speck of dirt may lodge just above this small aperture and act like a check-valve, 
and if there is much oscillation gives a fictitious reading which is much too high. 

A form of minute, leaky check-valve is sometimes applied to hydraulic gauges intended to 
measure high pressure, as a means of checking an injuriously rapid fall of the gauge; such a device 
may lead to very erroneous results if there happens to be much oscillation. 
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water under a pressure of 50 pounds. The result of this elongation is to throw 
the hose into a serpentine form. 

We had three observers — one at each of the pressure-gauges — who observed 
these gauges each half-minute for the whole duration of an experiment, and one 
at the measuring-tank. Another assistant managed the turning of the water into 
or out from the tank, and as we were timing this to tenths of seconds it had to be 
sharply and quickly done. This was very easily arranged for, as illustrated in 
Fig. 4. By avery slight deflection of the nozzle to one side the water passed 
outside of the hood and wasted into the river beyond, and the throwing the jet 
across the sharp edge of this hood required but an almost inappreciable length of 
time. As each experiment on friction loss was computed from the average of 
five to ten independent observations taken simultaneously at the two ends of that 
length of the hose under experiment, I feel confident that the error in determina- 
tion of the pressure lost by friction in going from one end to the other of any 
given sample did not exceed one-half pound, and in general it was much less than 
this. 

Fig. 8 shows the general results of the experiments for as many kinds as 
could have their curves plotted on this sheet without leading to confusion, and 
Table No. 1 gives the comparative result of each of the different kinds of hose 
under experiment. The heliotype illustration (Fig. 7) brings out the reason for 
the difference in friction loss in various samples in a striking manner, 
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INFLUENCE OF SMOOTHNESS OF SURFACE OF WATERWAY UPON Loss OF 
PREsSURE IN Hose. 


One of the most interesting and valuable points illustrated by these experi- 
ments was the very great effect which the smoothness of the inside of hose ex- 
erts upon the amount of pressure lost by friction. To determine the exact 
degree of roughness when the hose was subjected to water-pressure, plaster 
casts were made of the interior of samples cut from the various kinds. These 
plaster casts were made by taking a sample fromthe hose about three feet in 
length, holding this in a vertical position, and filling it with plaster of Paris, and 
then instantly screwing ona cap, through which it was connected to a hydrant with 
a pressure of 50 pounds per square inch. After the plaster had hardened the hose 
was cut off, leaving the cast as shown in Fig. 7. It was found that casts from some 
samples of hose were very preceptibly more rough or corrugated than was the 
hose itself when not subjected to pressure; this being due, of course, to the 
forcing out of the rubber lining against the threads of the fabric when under 
pressure. 


Mucu Fire-Hoset 1s WasTEFULLY AND NEEDLESSLY RovuaGu. 


As to the influence of roughness on friction loss, compare sample K with 
sample C (Fig. 7). Each was a hose of woven cotton fabric, of medium weight, 
lined with rubber; both were made by the same manufacturer, and were practi- 
cally alike, with the exception that K was rough on the inside, while C was 
smooth. Sample K was made, as most ‘‘ mill hose” and a great part of the “ fire 
department hose” is ordinarily made, namely, with a rather thin rubber lining, 
which was in calendering permanently roughened by the twill of the cloth 
used, and which was further roughened and corrugated by its conformation to 
the threads of the fabric, and still further corrugated when in use, by the 
rubber lining being forced by the water-pressure into the crevices between the 
threads, thus giving a surface, as shown by the photograph of the cast K (Fig. 
7), which contained corrugations projecting a little more than j; of an inch. 

Sample C and sample D were made by the same maker and of the same ma- 
terial as K, but were made with more care, and the loss of pressure by friction 
in the hose was found to be but little more than half as great as in the rougher 
hose. Their rubber lining was calendered smoothly, and was slightly thicker 
than in sample K, and means were adopted for filling the crevices between the 
two so that the rubber lining should be well backed up and its inner surface 
not forced into a corrugated form by the action of the water-pressure. This 
filling of the crevices between the threads may be attained either by the free use 
of suitable rubber cement, applied with proper apparatus, or by inserting the 
rubber lining into the cotton fabric in a semi-plastic partially vulcanized condi- 
tion, and then completing the vulcanization under such conditions as to permit 
the rubber before hardening to flow slightly, and thus fill the crevices between 
the threads. 

Careful weaving of the hose is also essential if one-would obtain smooth- 
ness, and consequent low friction loss, for sample E was apparently as smooth 
as C, except for a waviness of surface, produced apparently by unequal tension 
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Fig. 8. i 
Friction Loss in Fire Hose 








Figures above line gi ve mean pressure within hose ¥ 
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inthe loom. Had the loom been perfectly adjusted the friction loss would, for 
the same diameter, have been little, if any, greater than that in C. 

Inasmuch as the loss of pressure in a line of 24-inch hose 1,000 feet long, 
which is smooth like C, will be no greater than in a line 550 feet long containing 
such roughness as K, I would most strongly advise fire departments when 
purchasing hose to specify and insist that its smoothness be fully equal 
to that of a good, smooth sample to be furnished before the contract is 
given. 

The cost of sample D, in which the friction loss was only about fourteen 
pounds per 100 feet, with a good 1{-inch stream, was only five cents per foot 
greater than sample K, in which the friction loss was about twenty-five pounds, 
and I am informed that with the proper arrangements at the factory the extra 
cost of obtaining a smothness like that of sample C is small. 

This point of improving the smoothness is well worthy the attention of all 
hose-makers. I am led to emphasize it especially from having many times 
heard hose manufacturers and hose salesmen affirm positively that this little 
roughness of interior surface had no influence on the loss of water-pressure, 
that the water next the side lay dead, etc.; which notions, though conclusively 
proved to be erroneous, as every hydraulic engineer knows, by the experiments 
of the eminent French engineer, Darcy, thirty-five years ago, are still advocated 
as an aid to the disposal of imperfect hose. 

As to the means by which such small roughness of surface are able to exert 
such powerful effect upon the friction loss, we may consider that the greatly 
increased loss is mainly due to the ability of these small projections to set the 
whole stream to its very centre into a condition of turmoil and minute eddies, 
just as a single stone at the bottom of a smooth and deep canal is sometimes 
seen to produce a boiling at the upper surface. 

The results given in Table 1 and shown in the photograph of the casts (Fig. 7) 
also serve as one strong reason for discouraging the use of unlined linen hose 
in any situation excepting for the stand-pipes inside a building, where the lines of 
hose are generally short. For it is seen that the gallons per minute delivered and 
diameter of hose being the same, the loss of pressure by friction in each 100 feet 
is more than twice: as great with the linen hose as with a thoroughly first-class 
rubber-lined hose. 


Errect oF Benps or Curves In Line or Hose upon Friction Loss. 

This subject was investigated first by carefully measuring the friction loss in a 
line of hose laid with the ordinary natural sinuosity, and then, without lessening 
the pressure or interfering with the flow, straightening the same hose out and 
repeating the experiment. The mean of quite a number of trials with different 
kinds of hose and with bends of different sharpness was taken, and the ex- 
periments agreed fairly well in showing that six per cent. increase in friction 
loss was a very fair allowance for the effect of any ordinary curvatures and 
crookedness in which the hose was not cramped or choked off by a sharp angular 
bend. We might, perhaps, have expected this loss would be greater; still, it 
must be remembered that the ordinary curves in a line of fire-hose are of longer 
tadius in proportion to diameter than are the longest of ‘‘long-turn” pipe- 
fittings. 
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EFFECT OF OBSTRUCTIONS AT THE COUPLING. 


Throughout the United States an expanded ring-coupling which gives a water. 
way of the full diameter of the hose is now used by all the best makers. On old 
hose and on some inferior hose a shank coupling is often used which has its bore 
4 inch smaller than the diameter of the hose itself. 

We therefore tried some experiments to determine the effect upon the loss of 
head of inserting a square-edged bushing $ inch thick at each 50-foot coupling, 
thus getting a waterway like that in these old-style coyplings. It was found that 
with a 240-gallon stream these increased the loss 4 pound per hundred feet. 

In our regular experiments the rubber or leather washers used to make a tight 
joint at the coupling were all cut out to full size of the 24-inch coupling. In 
practice the washers often project into the waterway. We therefore tried the 
effect of washers projecting in } inch, or with a 24-inch hole, and also tried 
others projecting 4 inch, or with a 2-inch hole. The increased loss due these 
small washers, as deduced from these experiments, is given below. 


EFFect oF SMALL WasHERS IN Hose-CoupLines oF 24-INcH Bore. 








Increased loss of pressure per 100 feet, or for two washers. 
Diameter of hole in a SARE a 











— 200 gallons per minute 240 gallons per minute 300 gallons per minute 
flowing. fowhng: Soules. 

2g-inch. 0.20 Ibs. per sq. in. 0.30 Ibs. 0.46 Ibs. 

2} 1.04 | 1.50 2.34 

23 2.32 3.34 5:22 

2 4.16 5.98 9.34 
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INFLUENCE OF DIAMETER OF HosE upon Loss oF PRESSURE BY FRICTION. 


The exceedingly great influence of even small differences in diameter upon the 
friction loss attendant on forcing any fixed number of gallons per minute through 
a line of hose or small pipe is not generally appreciated. The friction loss varies 
as the fifth power of the diameter, as engineers express it, and thus if a sample 
of hose happens to be 2§ instead of 24 inch, this 4 inch difference in diame- 
ter is sufficient to make twenty-five per cent. difference in the loss of pressure by 
Friction. 

Now, 24-inch hose is not all just 24 inches in diameter. The samples of ‘ 24- 
inch” upon which I experimented varied all the way from about 27% to 2 inches. 

Moreover, while under pressure a ‘‘ woven” hose expands in length, but not in 
diameter. A knit hose expands not\much in length, but chiefly in diameter, and 
to the extent of about 7; inch for each 50 pounds pressure. 

The most convenient way for measuring diameter of inside is to caliper the 
outside under pressure and mark the spot; then empty the hose, squeeze it to- 
gether flat between some blocks by some screw-clamps, and thus caliper the 
thickness of material, which, being deducted from the outside diameter, gives the 


inside diameter. 
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SHALL THE STANDARD DIAMETER OF FiRE-HosE BE CHANGED? 


As stated above, the very great difference which a small change in diameter 
of hose makes upon the loss of pressure due toa given flow is not generally ap- 
preciated. For any definite number of gallons per minute flowing, the loss of 
pressure is only 40 per cent. as much in a 3-inch hose as it is in a hose 
exactly 24 inches in diameter. Fora hose 2% inches in diameter the loss of 
pressure is just half as much as in a 24-inch hose; and if we go down to small 
sizes and make use, as is often done in the protection of factories and of some 
villages, of hose only 2 inches in diameter, the loss of pressure in this 2-inch 
hose is three times as great as it is in a 24 inch hose. 

That this great difference, although seldom appreciated, is no less a fact, is not 
only proved by theory, but I have more than once had occasion to demonstrate 
it experimentally when urging a mill manager to discard his 2-inch hose and refit 
his premises with hose of larger size. By way of illustrating the principal 
bearing of this question of the effect of small differences in diameter upon the 
flow, we might say that if the Boston Woven Hose Co., for instance, should 
slightly change the diameter of the ‘‘ two and one-half inch ” hose designated as 
sample C in Table No. 1, increasing it only by ,°, of an inch, so it would be of 
the same size as was the sample of ‘‘two and one-half inch hose” marked E, 
then the loss of pressure per 100 feet of its length would be nearly one-third 
part less than at present, the smoothness being the same in each case; and as 
a further illustration, we may say that if some enterprising fire company 
earnestly desired the prize for distance-playing at a fireman’s muster, and 
would procure some hose 2$ inches in diameter (if this were like sample D, 
without a jacket, the difference in apparent size would be so slight that it could 
hardly be detected), then, with a line of hose 300 feet in length, as is common 
in such trials, this increase in the waterway would give them a far greater ad- 
vantage than would any style of fancy nozzle, and would, in fact, send the 
extreme drops about 20 feet farther. 

From strong practical reasons this slightly increasing the diameter of such 
brands of woven cotton rubber-lined hose as are now made exactly 24 inches is 
well worthy of consideration. The bore of the coupling could continue 24 inches, 
as at present; and even though the hose were, as a regular thing, made 24 inches 
in diameter, the loss from this smaller size of coupling, coming as it does only 
once in 50 feet, would be almost unappreciable, providing the reduction from 23 
to 24 inches were made gradual, on a taper, with corner at end of taper smoothly 
rounded off, instead of by a square-cornered shoulder. This can easily be pro- 
vided for, especially by increasing length of coupling a little, and not add more 
than 25 cents to the cost of the couplings. 

The present size of fire-hose was established many years ago, in the days of 
the old hand-engines, or before steam fire-engines had attained their present per- 
fection and power. This was also before the Portland fire, the Boston fire, the 
Chicago fire, and numerous extensive factory fires had given costly object- 
lessons as to the value of large-sized streams. For a wooden dwelling, or for a 
fire in an ordinary small-sized store, or for any fire in its incipiency, — in fact, 
for nineteen out of twenty of the fires to which the department of the ordinary 
city responds in the course of a year, —a jet from even a j-inch nozzle may be 
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large enough; but once let a fire get under full headway, and the demand for 
something larger is imperative. 

The water from a small stream falling in the condition of finely divided spray 
is evaporated and turned into steam almost before reaching the fire, while a 
14-inch jet from a smooth nozzle in the first place sprays less, and, in the second 
place, contains a sufficient volume of water, so that even though half be evapo. 
rated in the flames, there is a body left which can go through the burning gases 
and strike the coals themselves. 

A fire ts never put out by playing into the flames. It is only put out by cool- 
ing off the burning coals themselves by the bodily application of water to their 
surfaces ; yet this simple and fundamental fact appears to be not nearly so widely 
understood as it should be. 

I have been an eye-witness of quite a number of very extensive fires, and 
each time I have been struck with the general feebleness of a large proportion of 
the streams, and conversely I have seen many instances to prove that a fire must 
be an exceedingly hot one when a good, stiff, clean 14-inch jet, fairly delivered 
in its midst, will not leave a black mark. Occasionally, of course, fires obtain 
such headway in undivided structures of large area that even a stream of this 
size is evaporated; but I have studied this matter carefully as an eye-witness in 
instances enough to convince me that the reason we so often hear that the 
streams proved unavailing, is that a thoroughly first-class, large-sized stream 
is so comparatively rare; and with the ordinary range of water-pressure at 
steamer it is useless to think of playing a stiff 14-inch stream ' through more than 
500 feet of fire-hose of average smoothness, as generally made to-day, so long 
as diameter is not greater than 24inches. (As already stated, some few makers 
now make their so-called 24-inch hose actually almost 23 inches in diameter, and 
gain greatly in the saving of friction.) 

The 23-inch hose mentioned above, fitted with couplings of 24-inch bore and 
the present screw, so as to be absolutely interchangeable, would, with the same 
pressure at the hydrant or steamer, give a stream at the end of 1,000 feet of 
hose equally as large and strong as can be obtained from a line of hose just 24 
inches in diameter and only 650 feet long. 

As I said above, the present hose will answer well enough for nineteen fires 
out of twenty, and perhaps for even a larger proportion, but when a fire of great 
magnitude occurs, ordinary hose and nozzles are not at all suited to cope with it, 
mainly by reason of the great loss of pressure between the engine and the nozzle. 

The only possible objections to this larger hose are, first, the increased weight 
to handle. This cannot be considered insurmountable in view of the fact that 
some of the knit hose already in use is, when expanded by pressure, of nearly 23 
inches in size, and is handled without difficulty. Moreover, a length or two of 
light unjacketed 24-inch hose could be used next the nozzle for inside work or 
work upon ladders, for my proposition is that all the hose, large and small, have 
interchangeable couplings. The second objection is the reduced bursting 
strength due to the larger diameter. This, with the fabric remaining just the 
same, would amount to only ten per cent., and any fabric now testing at 500 
pounds on a 24-inch diameter would stand 450 pounds on a 29-inch. In fact, the 


1 Forty or fifty Ibs. nozzle-pressure. 
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best 24-inch jacketed fabrics of to-day are amply strong enough to stand a 3-inch 
diameter. In general, however, the saving in pressure lost by friction would 
enable the working pressure at engine to be less, and thus make a saving in work- 
ing strain, offsetting the weakening by increased diameter. I incline very 
strongly to the opinion that it will be found best not to rest content with a 29-inch 
diameter, but to go far enough, while we are about it, and adopt a 3-inch diam- 
eter as the standard for fire-hose. 

Still, until practical experience has been had in the manipulation of this hose, 
and until it is proved with certainty that it is not too large and cumbersome for 
regular use, I would adhere to the interchangeable coupling with the standard 
thread and of 24-inch bore. 

There is no greater eyil than getting lots of hose into a fire department which 
are not perfectly interchangeable. A computation which I have made shows 
that with these couplings of 24-inch waterway, located 50 feet apart, and with 
their bore 4 inch less than diameter of hose, the loss of pressure due to the 
small area of these couplings would offset only one-twentieth part of the gain 
coming from the larger size of the 3-inch hose, providing, as already stated, the 
reduction in the diameter of the coupling at the screw from 3 inch to 24 inches 
was made with a taper, and not with a sharp, square shoulder. 

This advantage of 3-inch hose is not wholly a matter of theory. I am told 
that it has been reduced to practice with the most gratifying results. Overa 
year ago I presented the facts, much as I have just presented them, to the treas- 
urer of the Eureka Fire Hose Company, of New York. I am pleased to say 
that the Eureka Company have taken action in this matter, and have furnished 
several thousand feet of such hose to various fire departments, and I am told 
that it is not found too heavy to handle, and that its operation is in every way 
gratifying. 

I am well aware that the National Association of Fire Engineers considered 
this matter at their last meeting and decided adversely to it, but I feel that this 
decision must have been reached without a proper understanding and considera- 
tion of all the facts in the case. I have considered the whole matter in the light 
of these experiments, — considered it as I went around “ within the lines” at the 
fierce and rapid fire which burned the Lowell Railroad storehouse, and consid- 
ered it again as I went from point to point in the heat of the fire at Lynn a fort- 
night ago, and I am still just as confident as ever of the merits of the proposed 
change. 

With tis 3-inch hose a 14-inch stream can be played at the end of a line 1,200 
feet long just as powerful as can now be played with the same engine-pressure at 
the end of a line 500 feet long. And a stiff 14-inch stream with lines of mod- 
erate length from a first-class steamer would involve no great difficulty. 


Douste Lines or Hose ror Lone DIstAnces. 

While we are on this subject I may also add a word to the effect that at many 
fires which I have attended it is almost agonizing to see the ignorance displayed 
by the engine captains as to the friction loss in hose. Itis also a matter of great 
regret to see how seldom a Siamese coupling is used to connect two lines of hose 
from one steamer into a single line at a point 50 or 100 feet back from the nozzle, 
in cases where the distance from the steamer to the seat of the fire is great. 
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Single line 
2kéinch hose 


Steam Fire Double line of 23 inch Fire Hose. 
Engine. 


Siamese ¥ 


I refer now not to the use made of the Siamese for connecting the water thrown 
by two steamers into a single large and powerful stream, but rather to its use in 
reducing the friction loss between any one steamer and the one nozzle which it is 
supplying. When we thus carry the water through two dines of hose instead of 
through a single line of hose, the velocity of the water is, of course, but half as 
great in each of the two lines. The result of this is that the loss of pressure is 
only one-fourth as much as in the first case, and if the steamer stands 1,000 feet 
away from the Siamese, we have by the double line of hose practically reduced 
this distance to 250 feet. This is fact as well as theory, as you can readily 
demonstrate by trying the simple experiment for yourselves. 

Or if, for convenience of working, the Siamese is placed 50 feet back from the 
nozzle, as shown in Fig. 24, then, although the nozzle is a thousand feet from 
the steamer, the loss by friction is so lessened by the double line of hose that 
with the same steamer-pressure a jet will be thrown with exactly the same force 
as though steamer were only 287 feet from a nozzle on a single line of hgse.! 

At other fires I have seen two steam fire-engines laboring heavily to do what 
one steamer and a double line of hose could have done much better. 

I refer to one steamer pumping into the second steamer, and the second steamer 
pumping on to the fire. 

There are many good practical firemen who will say it is contrary to common 
practice and to common sense to claim that this Siamese and the double line of 
hose will do more work than the second steamer; but let them try the experiment 
and see. We can also prove it by a simple little computation. 

Suppose the fire to be 1,800 feet away from the nearest good source “of water. 
Suppose the fire so large that we earnestly desire a good 1}-inch stream. This 
requires 240 gallons per minute. 

Ist case. — Two steamers and a single line of hose. By Table A, No. 4, p. 143, 
it may be seen that to barely deliver this 240 gallons per minute through 1,000 
feet of the best 24-inch hose into the suction of the second steamer will require 
a water-pressure of 130 pounds at the first steamer. And the second steamer must 





1 This is proved thus: For the 950 feet of double line each stream will move with half velocity, 
and therefore the loss by friction will be one-quarter as great as though all this water were going 
through a single line of hose 250 == 237 feet. To this add the 50 feet single line, and we have 287 
feet. 
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show a water-pressure of 145 pounds to play this good 1}-inch stream on the 
fire through 800 feet of hose and get the necessary 40 pounds pressure at the 
nozzle. 

We thus have to tax two powerful steamers to their utmost to get a single good 
1}-inch stream on the fire. 

2d case. — For the same situation take a double line of hose 1,750 feet long, 
bring the two together by a Siamese, and to this attach a single line of hose 50 
feet long leading to the nozzle. To give our stream pressure 40 lbs. at the 
nozzle we must, 50 feet back from the nozzle, at the Siamese, have a pressure 
of 47 pounds, and thence for the 1,750 feet back to the steamer the 120 gallons 
per minute flowing in each branch will cause only +7 = 34 pounds friction loss 
per hundred feet, or 57 pounds in all, which added to the 47 gives 104 pounds at 
the steamer. 

In the first case, with two steamers, one playing into the other, the average 
steamer-pressure was 1374 pounds. 

In the first case the entire labor of one steamer and one-fifth of the labor of the 
other are absorbed in useless friction, which is wholly avoided by the extra piece 
of hose. And repeating the idea in still other words, by way of still more em- 
phasis on this overlooked but valuable point, the simple expedient of dividing the 
stream into two parts, and uniting them again by a Siamese a convenient distance 
back from the nozzle, is more efficient than an extra steamer, and sets the second 
steamer free for an additional stream on the fire. 

At Lynn the other day I saw in one case a powerful steamer attempting to play 
its stream through 2,000 feet of hose. 

I saw another steamer trying to pump through 1,500 feet of hose, and the 
streams reached about as high as asmall boy could propel water through a squirt- 
gun. Moreover, it has been my duty to investigate a number of mill fires where 
the department has.complained of the ‘‘ unaccountable failure and loss of pres- 
sure in the water supply,” that ‘‘ somehow it failed to give its usual force,” when 
the only reason in the world was that whereas on dress parade they were accus- 
tomed to test with 50 or 100 feet of hose, they were obliged in their time of dan- 
ger to use more lines of hose and to play through several hundred feet of hose. 











1T counted the lengths myself, and then got a friend to count them independently, and there 
were either forty or forty-one fifty-foot lengths.| 


























Fig. 9. — EXPERIMENTS ON Fire Streams aT HicH ELeEvarions. 


The final experiments on which tables for height of jets are based were made at this site, but 
in these only one nozzle was used at a time. 


The above sketch illustrates experiments to determine which of two nozzles (ring or smooth, 
for instance) was the better, or would throw stream highest and with the least spraying, — 
pressure at base of each play-pipe being the same. For this the two 50-feet lines of hose leading 
to play-pipes were of same kind; bends in hose at base of play-pipe were carefully laid flat on 
the inclined platform, as shown, and clamped between blocks jig-sawed from 3-in. plank, so each 
—— Ld in flat curve of 3 feet radius. One to two feet of hose next base of play-pipe was 
straight. 

The masts, A and B, were graduated in feet, and reached to a height of 124 feet above nozzle. 
Below the masts, scales, made of strips of wood strung on heavy steel wire, marked each foot in 
height along face of wall. 

Horizontal distances from end of nozzle were marked by wooden rods 10 feet apart, nailed to 
top of wall, as shown. 

hen height of jet was more than 130 feet, the mast, C, and sighting-bar, D, were used in 
estimating height, proper allowance being made for parallax. 

The play-pipes and their supporting platform could be set at any angle of elevation required, 
and securely clamped. 

End of nozzle was set level with zero of mercury pressure-gauges and zero of scale of height. 

An assistant regulated pressure to within one-tenth of a pound by valves at hydrant, and, 
when all was ready, one observer read the mercury gauges each half-minute, while another 
observed and noted height and characteristics of jet, as seen from the mill roofs. 
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EXPERIMENTS ON JETS. 


Fig. No. 9and Fig. No. 10 show the general arrangement of the apparatus for the 
experiment on jets. It will be seen that we had unusually convenient situations 
for making these experiments accurate. The difficulty found was not of trouble 
with apparatus, but was of trouble with air currents or wind. It was very diffi- 
cult to find a time when air was so still as not to influence the results. For six 
weeks, while engaged on other experiments here described, we kept the apparatus 
handy, and watched for the smoke from the neighboring chimneys to rise verti- 
cally. Several times we started in and found the effect of the wind so evident 
that we stopped. It was found that a moderate summer, afternoon zephyr would 
affect the height or the reach of the extreme drops fully ten per cent., and there 
is no doubt whatever but that the remarkable records sometimes made at fire- 
men's musters are due to a favoring gust of wind far more than to the perfection 
of their ‘fancy nozzle.” 

The detailed results are given in the paper already referred to, and so here we 
need only say that these experiments furnished the basis for the heights stated in 
the practical tables at end of paper. Not only were the previously recorded ex- 
periments on height of jets very few indeed, but they gave only the height and 
distance of the extreme drops. This reach of extreme drops is almost worthless 
information for the firemen, and as given in pump catalogues has worked de- 
ception and false sense of security to the purchaser of pumps. 


HEIGHT AND DisTANCE as A Goop Fire STREAM. 


I gave much attention and earnest effort in trying to determine the limiting 
distance as a good practical fire stream under the several pressures. This point 
is not sharply defined. It is hard and puzzling to draw the line and say toa 
foot or even to five feet just where the stream ceases to be good. Some experi- 
enced firemen would no doubt class it as good at a point ten per cent farther or 
higher than I did, but I kept the effect of a moderate wind in mind, and also took 
the distance at a point where the stream had not lost its continuity by breaking 
into a shower of spray. 

The jetdiagram (Fig. 10) gives this information about the height and distance 
reached by jets in a very practical and convenient form. 


CoMPARATIVE EFFICIENCY OF Various Kinps oF NozzLes. 


The figures Nos. 9 and 10 illustrate the conditions under which the comparisons 
were made so fully as to call for little further comment. The nozzles compared 
were tested side by side for distance, as per Fig. 10, and for height, as per Fig. 9, 
under conditions as nearly absolutely identical as they could be made, and I 
believe them to have been by far the most accurate set of comparative experi- 
ments on this subject ever made. I say this in the effort to carry conviction to 
the hearts of the ring-nozzle advocates. 


Rine Nozzzies vs. SmootnH Nozzies. 


The first point to be settled was, of course, the oft-argued question of ring 
nozzles versus smooth nozzles. These, with both‘‘ undercut ring” and ‘“ square 
ring,” were compared in various sizes, and finally I constructed a ring nozzle 
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with an orifice of such size that under a given pressure it discharged the same 
number of gallons per minute as a 1}-inch smooth conical nozzle. 

These tests showed in the most positive and convincing manner that either the 
common form or the undercut form of the ring nozzle does not possess the slight- 
est superiority over the smooth nozzle. The difference between the two was, 
however, small, and in general amounted to about two per cent. in favor of the 
smooth nozzle. It may be well to stop a moment and explain to some who are 
not firemen just what is meant by a ‘‘ring nozzle.” The following three figures 
make the distinction plain. The ‘‘ring nozzle” has a sharp corner or contrac- 
tion close to the end, and some people suppose this cuts off or holds back the 
more disturbed part of the current close to the walls of play-pipe. 









Diameter of 

Stream about 

$ inch smaller 
«than orifice. 


Fie. 13. — Unpercur Rina. 


We find so many ring nozzles in use, and find their merits so stoutly maintained, 
that I will state that a final demonstration of the general range of these experi- 
ments, at which two of the most eminent hydraulic engineers of the time, Mr. 
James B. Francis and Mr. Clemens Herschel, did me the honor of their presence, 
and at which Mr. Salisbury, member of this society, and also the full corps of 
Inspectors of the Associated Mutual Insurance Companies, a body of men who 
in the regular course of their duties pass critical judgment upon thousands of 
fire-streams in the course of a year, were present. J believe ali present to have 
been satisfied that the ring nozzle was in no way superior to the smooth. Exam- 
ining both jets at points within a dozen feet of the nozzle, one had just as much 
of that mythical ‘‘ surface smooth as a glass rod” as the other. 
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The only advantage of the ring nozzle tis that it makes a show of play- 
ing a larger stream than is the fact. The ring makes the stream contract to 
about an eighth of an inch smaller than the size of the hose. It may afford 
satisfaction to the builder or the engineer of a steamer to say he is playing 
a 1-inch stream, when actually throwing only as much water as will go through 
a l-inch smooth nozzle; but the apparent benefit as to distance reached which 
sometimes actually comes from the use of a ring nozzle is easily explained, and 
is just the same as would be secured by using a good smooth nozzle of 4-inch 
smaller diameter. The gallons per minute thrown being less, the loss of pres- 
sure by friction in the hose is less, and therefore the greater pressure available 
at base of nozzle impels the stream a greater distance. 

Not only were comparisons made with ring nozzles, but comparative tests of 
various other kinds of nozzles were made. The forms experimented on, and their 
effect and relative value, are detailed in my paper before the Civil Engineers. 
The whole result may be summed up by saying that nothing was found which 
was inthe slightest degree superior in projecting qualities to a good, plain, 
smooth, conical nozzle like that shown in Fig. 21.' This result was contrary to 





1 The cone must converge with a good degree of taper, like Fig. 21; for on testing a conical nozzle 
known in the trade sometimes as a “screw nozzle” and very commonly sold, this was found 
about six per cent: inferior in projecting power, due to the too small waterway in throat of play- 


pipe, next to where the nozzle or tip screws on. 
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my anticipation, for I had confidently expected to find some other form that 
would give a more polished, smooth, solid, far-reaching stream. 

I may here record that though I have looked for it a thousand times, I have 
never yet seen a stream issuing under a pressure higher than twenty pounds at 
nozzle which did have a clean, glassy, transparent surface for any considerable 
distance away from the nozzle. A careful and minute examination will show 
that under a pressure of forty pounds, even at only an inch distance from the 
smoothest and best nozzles, minute drops are beginning to tear themselves away 
from the main stream, thus giving the jet a roughened appearance like ground 
glass. . 

With a view to getting a better class of play-pipe and nozzle into general use 
in our mills, I designed the nozzle shown in Fig. 21 as one result of the above 
experiments, and furnished blue-prints of the working-drawings to about all of the 
leading makers of fire apparatus, so that now it is a matter of regular stock to 
be found with most dealers, and is known in the market as the ‘‘ Underwriter 
pipe.” 

There is nothing specially novel about it, and there is no patent upon any part 
of it. I merely combined those elements which had been found to give the best 
results. Other high-grade nozzles can be found in the market or in use which 
will probably give just about as good results, but the experiments described 
above make me firm in the belief that there is nothing now made that will throw 
any better stream than this will, and if any of you happen to want a nozzle for 
accurately gauging up to 250 or 300 gallons per minute, this, in connection with 
a piezometer like Fig. 1 screwed into its butt-end, will fill the bill. 

With firemen a flexible play-pipe tapering but little if any up to a point 
within a foot from the end, is at the present time more popular than a metal 
pipe. I tested one of these, and found that if properly made with a smooth in- 
terior, and with its cone on a smooth regular taper, it would throw very nearly as 
well as Fig. 21; but the Underwriter pipe was, as stated above, designed for mill 
use, where it may be called into play after standing twenty years, while flexible 
rubber or leather fabrics are liable to fail from the rotting of the rubber when no 
more than five years old. 

I include below cuts of a few of the kinds of nozzles tried, a glance at which 
may be of a little interest tu some of you. 


¢Smootn Cytind-ical brass pipe 30 








/ a 
cpg 


Fig. 14. — 1$-Incu ‘‘ Untrorm ACCELERATION” Nozz_e. 


It has been thought by good authorities that there was good theoretical ground 
for expecting the above nozzle to give superior results. Careful comparison in 
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the manner of Figs. 9 and 10 showed that there was no appreciable difference 
either in reach of jet or in amount of spraying between this nozzle and that with 
straight taper like Figs. 15 or 21; and thus this elaborate form was proved to have 
no advantage over the plain cone with straight taper. 


VALUE OF THE Non-TaPeRING CYLINDRICAL Part at EnD oF NozZz.ez. 


Nozzles of these two forms next shown were tested side by side on similar 


play-pipes. C was like A, except that about an inch had been cut off close to 


end of taper. 





ne 











Fie. 15. — Nozzze A. 














Fig. 16. Formed from no3z3/e like 
No331e(C). (A). by cutting off end close 
to end of taper. 


Character of and distance reached 
by jet almost exactly the same as 
from (A). 


There was no perceptible difference in the two jets at 50 pounds or at 100 
pounds pressure, showing the cylindrical part at end of cone is not really 
needed. 
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Nozzie with Rapiat Braves FOR STRAIGHTENING CURRENT. 
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Play pipe with Radial or Rifle Blades. 
The use of these blades found to be of little practical value. 


No difference between this and the plain cone could be detected, and the use 
of the blades was found to be of little value. 

Another style of play-pipe (Silsby), in which the three radial blades extended 
to centre, was tried, and its blades were found to give it no advantage over the 
smooth cone, so long as hose lay in a plane, vertical curve. If, however, both 
lines of hose were put into a spiral corkscrew-like form, the jet from the plain 
pipe fell short two to five per cent. by reason of the twist in the water, while 
that from the pipe with the blades held its own. In a Siamese jet, where three 
lines of hose were united into one, from the play-pipe immediately up-stream, 
these blades, like Fig. 18, were found to aid materially by removing twisting of 
current and keeping stream from spraying. 


Fie. 18. 


The following were also included :— 
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Vetocity IN DiFFERENT PaRrTs OF JET. 


There is but one other set of experiments to which I will call your attention, 
and I will do this very briefly. These were upon the comparative velocity in 
different parts of the stream just after it left the nozzle, —or ‘‘ distribution of 
velocity,” as it is called. Byadelicate instrument, on the principle known among 
hydraulic engineers as that of ‘‘Pitot’s tube,” the pressure of the current in 
different parts of the stream was measured, and from this the velocity com- 
puted. These are the first investigations on record of this kind with regard to 
jets, and you may find the results rather curious. 


40 
5° 
60. 
7° 
60. 
ee 
100 


«0 Outside of jet. 
& 


ae 


2 Centre of jet. 





Fig. 22. 


Let P be a straight, cylindrical pipe 5 feet or more long, from which the 
water is being discharged in a forcible jet. It was found that for a jet froma 
pipe like this, experimented on at a point close to the nozzle, the velocity at 
centre was very much the greatest, and that the velccity grew less rapidly as we 
approached the side. Thus, if we represent the velocity in the centre of the jet 
by the distance J C, then the velocity close to the side of the jet will be repre- 
sented by the distance H A, and the curve, A BC D E, will represent the velocity 
at the different distances from the centre. Thus we found the velocity close to 
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the side to be only 60 per cent. as great as the velocity in the centre of jet. This, 
be it remembered, is for a straight, uniform pipe. 

With a rapidly converging nozzle the relation was very different. Thus, for 
the standard conical nozzle, similar to Fig. 21, the curve of distribution of 
velocities was as shown below. 





Fig. 23. 


For three-quarters of the way from centre to circumference the velocity of all 
the fluid threads is the same, and is found to be just equal to the theoretical 
velocity due to the pressure. Within a short distance of outer surface of jet 
there is a little retardation, however, coming from the friction of the walls of 
the nozzle; and, by careful measurement, the total amount of this retardation 
near the sides is found to just equal the difference between the theoretical dis- 
charge and the actual discharge, or to fully account for the ‘‘ coefficient of 
discharge,” as we call it in hydraulics. 

It was found that with the ‘‘ sawed-off” nozzle (Fig. 16) this retardation was a 
trifle less than with the nozzle of Fig. 15, while with the sharp reéntering knife- 
edge of Fig. 20, the retardation at side was still a little less, but not very mate- 
rially different from that found to exist for the nozzle shown in Fig. 15 or 21. 


Proper ALLOWANCE FOR A Goop Fire STREAM. 


Before closing the subject I would like to say a few words about a question 
which we hear often agitated among water-works engineers and mill managers; 
viz., How many gallons per minute is a fair allowance for a good fire stream? 

We have statements all the way from 175 gallons per minute up, and these 
estimates have been made in all sorts of ways, such as by attaching a meter to a 
hose stream, or by dividing up the water-works pump record by the number of 
streams supposed to have been thrown during a fire. 

The point I would make is this: The needs of the present and the future 
should have a voice in answering this rather than the mere record of gallons 
thrown on certain past occasions. The problem should be attacked wholly from 
the two following standpoints :— 

Ist. What diameter of jet, within reach of one steamer and one line of hose, 
is practically the best? 

2d. What pressure at the nozzle can the pipe-men handle to best advantage? 

The argument rests wholly with these two questions. These two questions 
once settled, then the tables and experiments which I have presented give a 
complete answer. 
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To cite some great fire of the past, and say that the counters on the water- 
works pumping-engine indicated 1,750 gallons per minute while ten streams were 
being thrown, and therefore 175 gallons per minute is a proper allowance for 
a good practical fire stream, is by no means a complete answer, until it has first 
been shown whether these were really good practical fire streams. 

Let us illuminate this question a little by the light of the Lynn fire. Going 
from point to point, I carefully looked at stream after stream. Many of them 
could not rise to a third-story window, or reach far enough so firemen could be 
safe from falling walls or sheltered from scorching heat, and still deliver water to 
the critical point. Not one in four could be called a first-class fire stream. Our 
apparatus ts planned for the ordinary fire, not for the ern 

Why are the streams so often feeble? 

For the moment, and in your presence, we will assume that the water 
works are all right;' the steamer 7s all right; there is no trouble about getting a 
nozzle which is all right. The trouble ts generally in the hose, which may be so 
long, so small, or so rough, that it will not carry the water so fast as the nozzle 
can use it, or as the steamer can furnish it. 

In a great fire like that at Lynn or at Boston a 14-inch stream from a smooth 
nozzle should be the smallest used. With 30 pounds at the nozzle this will go 50 
to 60 feet above the pavement in good, solid form, ready for business, and require 
265 gallons per minute. With 50 pounds at the nozzle two or three goud men 
can still handle it easily, and it will rise at a good working angle 70 to 80 feet 
above the pavement, still in compact form, not a mere spray, all ready to flash 
into steam, — and this calls for 347 gallons per minute. And sometimes a ]j 
or even a 14 inch stream will, after we get better hose, be called into use. 

Those, gentlemen, are the streams with which the fireman of the future is going 
to work when he has serious business in hand. 

After the great Boston fire, with its cost of seventy million dollars, they added an 
eighth of an inch to their nozzles; and gradually, gentlemen, by object-lessons, at 
a cost of many thousand dollars apiece, the firemen will get educated to have such 
hose and their apparatus so arranged that they can instantly, if serious occasion 
demands, throw a good stiff 14-inch stream, even though steamer be 500 or 1,000 
feet away from the hosemen; and you, gentlemen, have got to fix your water 
mains so as to give the water to do it with. 

Although we should be prepared to supply any particular stream with 300 or 
350 gallons, yet even at a great fire, at any given moment, some steamers will be 
‘stopped, some hosemen will be along the skirmish line at work with smaller 
streams, wetting down roofs and washing incipient flames off from wooden cor- 
nices and mansards; and taking all these things into account, I believe that we 
ought, in our computations and estimates for water supply, to provide at the very 
least an average of 250 gallons per minute for each stream in the business centre 
of a city, or round about any extensive factory. In a dwelling-house region less 
will suffice. 

Two hundred and fifty gallons per minute for each first-class hose-stream is 





1 At Lynn, in the westerly part of the burned district the steamers bad plenty of water in 
the pipes from which they drew, but on the easterly or leeward side some of the steamers located 
on a slight rise of ground were sucking at almost empty pipes. 
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the figure which I regularly use in my estimates for designing or proportioning 
the pumps and pipes for the protection of large factories. 


EFFECT OF JETS OF WATER ON FIERCE FIREs. 


I have heard much said about water having no effect ona fierce fire. I have 
tried earnestly to watch its effect on some three or four fierce fires. I believe 
there is once in a very great while a fire which would instantly turn a 14-inch 
stream into steam as it passed through the flames (and then the 1$-inch or the 
2-inch Siamese stream may come into action with great effect, if steamers can 
be spared from surrounding property), but I believe the frequency of such 
occurrences is greatly exaggerated, and that the verdict, ‘‘ The streams seemed to 
have no effect,” comes more than nine times out of ten from the streams being 
feeble. 

I have seen a good, stiff 14-inch stream make a black mark wherever it hit, on 
an extremely hot fire; and this tempts me once more to illustrate how simply the 
ordinary steamer of to-day can throw a stiff 14-inch stream, even though 1,000 
feet away from the fire, and to again refer you to Fig. 24. 

By this simple arrangement of the double line of common hose the wasted effort 
—the friction loss— is so lessened that, although it is 1,000 feet from steamer to 
nozzle, the 14-inch stream is thrown with the same ease as though the steamer 
were only 287 feet from the nozzle. 

This involves no new principle in hydraulics, and I reiterate it only because I 
saw it so wofully absent from Lynn a fortnight ago. 
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Several water-works superintendents have expressed an interest in this handy device, and 
therefore a cut, from which any intelligent blacksmith can make one, is reproduced here. I de- 
vised it a year or two ago for use in factory yards in occasionally testing fire pumps up to a high 
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pressure when short-handed. 
Those of you who manage water-works in cities or towns where the hydrant-pressure is from 


100 to 140 pounds per square inch, as is the case at several places in New England, need not be told 
how difficult it is to hold the hose nozzle under the pressure which this gives, and probably each 
has seen men tipped over by the recoil when trying alone to hold such powerful streams; and if 
you will have your blacksmith make one of these, you will be surprised at the ease with which 
it enables the most powerful stream to be managed. 

A pressure of 40 pounds at the nozzle on a 13-inch stream is about all even a skilled hoseman 
can conveniently manage, without other men to help him. And a nozzle-pressure of 60 pounds 
with a 1}-inch stream will tax the energies of three strong men to hold it fast. 

The cheap and simple device illustrated in Fig. 25 will enable a single boy to hold and easily 
direct a 1}-inch stream under 100-pound nozzle-pressure (which, if hose were 200 feet long, cor- 
responds to 211 pounds water-pressure at the steamer). 

The philosophy of the action of this device is very simple. A nozzle or play-pipe always pulls 
back with a force just equal to force propelling the jet. Action and reaction are equal- 
Ordinarily the grasp of the pipe-men and the friction on the ground of the hose near the nozzle 
hare to balance this reaction. 

This nozzle-rest, however, furnishes a prop directly on line with the force or reaction, and bal- 
ances all this recoil. So all the hand has to do, except when moving to a new position, is merely 


to guide its direction. 
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Please not misunderstand me; this is not a universal attachment to be used at all times, for nine- 
tenths of the work of a fire department any device of this sort would be only in the way, and use- 
less; but whenever it is desired to project a very powerful stream under high pressure, or when- 
ever, as in certain tests, it is desirable to get along with few men, then it may be extremely 
valuable to have one of these handy. 


One topic more and Iam done. You are often called upon by mill managers 
to run your pipes into their mill-yard and your professional judgment invoked to 
fix up their hydrant system (I wish it were invoked even more frequently). 
Whenever that mill is liable to come to the ‘‘ Factory Mutuals” for insurance, I 
beg you, gentlemen, to bear the following points in mind:— 

Ist. Don’t lay any 4-inch pipe for hydrant mains (unless it be a short piece 
to a single hydrant or to an unimportant part of the yard); 6-inch pipe is none 
too big for even the branch pipes, and for a factory worth half a niillion dollars 
8 inch is best for the main circuit around the yard. For a big factory a 12-inch 
pipe into the yard is by no means extravagant. The carrying capacity of water- 
pipes may deteriorate greatly with age. 

2d. In planting hydrants, plant them so the whole available number of streams 
can be concentrated on any particular building of importance without using any 
line of hose more than 250 feet long. 

8d. Remind the mill managers of a fact which they seldom realize (I don’t 
dare admonish you, who have such long experience in the craft, to keep it in mind 
yourselves in planting hydrants and pipes about town) — you can furnish stock 
and labor and lay 100 feet of the best 6-inch iron pipe for just about the same 
amount of money that it costs your city to buy 100 feet of first-class 24-inch 
fire-hose. The pipe will carry more water than three lines of the fire- 
hose, and may last for fifty years, while the fire-hose will have to be renewed in 
five to eight years. That cast-iron pipes and hydrants are cheaper than hose, 
is a maxim that all who are laying out fire protection may well remember. 

4th. Don’t run main pipes under buildings if it can possibly be avoided, and 
when it must be done, protect and cover them with earth so that the falling of 
the building may not break them just when most needed. 

5th. For large branches into a building always put a stop-gate outside the 
building, and a safe distance from its walls, by which this may be kept from bleed- 
ing the hydrant system if a floor of the building falls. 


Tue Best Kinp or Fire—Hose ror Factories. 


I have been asked by several to name the kind of fire-hose preferred for the 


protection of mills. The needs are somewhat different from those of city fire 


departments. 
We consider that for attachment to stand-pipes in stair-towers, 


or for dry well-ventilated places inside the mill, a thoroughly good 
unlined linen hose is the best, and for small hose inside the rooms good 
unlined linen is the best. ; 

Itis the best by reason of its superior lightness, compactness, and convenience 
for quick use by but a single man, and because there is little or no chance of its 
becoming stuck together by the ordinary heat of the rooms; moreover, such in- 
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side hose need never be used except in case of actual fire; and linen hose, if 
kept dry, will retain its good quality unimpaired for many years. 

It must be remembered, however, that three pieces out of four of the linen 
hose ordinarily found in the market are made for insurance inspectors to look at, 
rather than for actual use. 

For outside use, or for connection to yard hydrants, rubber-lined 
cotton hose is very much the best kind. 

lst. Because it will not become cut and injured by chafing when lying over 
sharp corners or sharp gravel nearly so easily as linen does, when subject to the 
slight vibration due pulsations of fire-pump. 

2d. There is very much less loss of pressure by friction in well-made rubber- 
lined hose than in linen (see page 108), and this makes a serious difference in 
jet where length is more than 200 feet. 

3d. Rubber-lined hose is best for use in the fortnightly or monthly 
pump trials; for whereas linen hose is injured more or less each time it is wet, 
the durability of rubber-lined hose is improved, if anything, by occasionally 
running a stream of water through it, providing it is well dried afterward. 

For inside hose in dye-works, print-works, or factories where air 
is very damp, rubber-lined cotton hose will generally prove more 
durable and satisfactory than linen hose. 

Linen possesses the property of absorbing moisture from the air to a greater 
extent than is generally appreciated. 


TABLES FOR PRACTICAL USE. 


Table A. 

This is, in one sense, the most complete in its details of the three sets of tables 
presented, and extends from page 136 to page 155. 

For regular use in pump inspections, Table A is not so convenient as Table B, 
pages 158 to 163. 

For showing the relative difference in pressure lost, according to the diameter 
or length of the hose used, Table C, psge 166, unless changed, is most convenient. 

To understand Table A, turn to page 142, or A No. 4. This gives the data for 
the 1}-inch smooth nozzle. The pressure at the base of the play-pipe is the con- 
trolling element. This is what throws the water, and thus governs the height of 
jet, the quantity, and the friction loss. 

We see that a “ good” average fire stream requires 40 pounds indicated pres- 
sure at base of play-pipe. 

By indicated pressure, we mean the pressure which a gauge connected toa 
play-pipe, as shown at p in the subjoined sketch, would indicate. 
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In practice it is seldom convenient to measure the pressure at this point. The 
pressure is more readily measured at the other end of the hose, at the hydrant or 
steamer, as shown at P. 


Nevertheless, although we do not apply our gauge at the base of the play-pipe, 
the pressure is there just the same, and is a proper basis for computations. 

Turning again to the Table A, No. 4, page 142, and following across the page, 
we see that for this 40-pound 13-inch stream, — 


The extreme drops, with no wind, will rise to a height of . - 4 84 feet. 
fé vill be a good practical fire-stream up toa height of . : : 65 *“ 
If elevated at the best angle (about 32°) it will throw the extreme 

drops, when there is no wind, to a horizontal distance of : ~ t+ 


At the same time, keeping the effect of a moderate wind in view, we 

cannot class it as a good, effective fire-stream for a greater horizon- 

tal distance of more than " ° . e P ‘ - 59 
(In this the stream is not supposed to be horizontal, but is supposed 

to be elevated at the ordinary working angle of about 30°, and thus 

this point 59 feet distant would be up in air high as third-story win- 

dows.) The number of gallons per minute discharged will be. 238 


Heicut anp Distance REACHED BY JETS. 


Tables heretofore published have given as the height of a jet corresponding 
to a given pressure the extreme height to which the highest drops of 
water would rise in still air, and pumps have often been sold with represen- 
tations based on such misleading data as to the height they would throw. Such 
data is almost worthless in considering fire protection, for the obvious reasons: 
first, that the water cannot be thrown in a direct vertical upon a building in 
flames; second, that, even if it could, the few scattering drops which would 
reach this height would be of no avail whatever in extinguishing the fire; third, 
that air still enough to permit these extreme drops to attain this height is not 
found more than one day in ten, and almost never during a fire. Few per- 
sons have any idea how much influence the wind has upon the height that a jet 
of water can attain. Merely a moderate summer afternoon breeze will 
cut down height of extreme drops 10 or 15 per cent. 

Much attention was given to determine for the different pressures the ex- 
treme height at which stream was solid and forcible enough to constitute a good 
fire-stream. It was hard to define this exactly within say 5 feet, and say just 
exactly where the stream ceased to be ‘‘good;” but I tried it under many differ- 
ent circumstances, and present the results as based on my best judgment. Some 
men would undoubtedly set the limit at 10 per cent. higher, but the effect of a 
moderate wind was taken into account in determining the figures in the table. 

Under favorable conditions, with still air, the stream will be in shape to do 
good execution at a considerably greater distance. 

In defining the limit of height as a good effective fire-stream for a given 
pressure, I have classed as good a stream which, at limit named, would enter 
through a window and barely strike ceiling with force to spatter wall, and which 
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at limit named had not lost continuity of stream by dividing into a shower of 
spray, and which at this limit appeared to shoot ;% of the whole body of water 
inside a 15-inch circle, and ? of it within a 10-inch circle, as nearly as could be 
judged by the eye. In setting upon this limit of height as a good effective 
stream, the stream was not vertical, but was inclined upward at 75 de- 
grees, which may be taken as the highest practical working angle. 

With regard to the distance reached by jets, the same general remarks 
just given will also apply. The distance attained by the extreme drops measured 
as at a firemen’s muster is misleading as practical information for fire protec- 
tion; but that is the way the values in the ordinary tables are derived. A very 
faint breeze will increase or decrease the distance reached by the extreme drops 
by 10 per cent. 

In fixing the limit of horizontal distance as a good effective fire-stream, the 
stream itself is not supposed horizontal, but it is supposed to be inclined 
upward at the ordinary working angle of 30 or 45. degrees. 

Continuing to follow across the page to past the middle, we see that if our 
line of 2}-inch hose is 300 feet long, and including an allowance for the ordinary 
serpentine course in which it runs, — we see that to maintain this good fire-pres- 
sure of 40 pounds at the nozzle will require a pressure at the hydrant or at the 
steamer of — 


If the hose be unlined linen ‘ . . . 4 ‘ 131 pounds. 
ie ‘¢ rubber lined, and with inner surface rough . ‘ ae... % 
a e se ‘¢ and with inner surface extremely 
smooth . . ° ‘ ° a; * 


If we follow across the page to a line of hose whose length is 800 feet (and 
this is a length often called into actual use) we see that to give a good 
first-class 14-inch stream at the nozzle requires, if the rabber-lined hose be very 
rough on the inside, 247 pounds pressure at the steamer. While with the hose 
of the very smoothest quality, 145 pounds pressure at the steamer will give just 
the same force to the jet. 

Most hose in use in fire departments will come somewhere between these two 
grades of “inside rough” and ‘‘ inside smooth, ” neither of which are exaggera- 
tions, but both grades can be found in the market to-day. By reference to the 
photographs on Fig. 7, page 111, may be seen the exact degree of roughness to 
which the figures in the following tables apply. 

The hose friction varies greatly in different kinds of hose, according 
to smoothness of inside surface or waterway. As already stated on page 
111, salesmen of inferior grades of hose often state with great positiveness (and 
equal disregard of fact and reason) that ‘‘roughness of surface makes no prac- 
tical difference in flow,” that the water lies dead in the little hollows between 
the ridges, and merely furnishes a cushion on which the main stream slides 
along,” etc. Such notions were conclusively upset by the experiments of the 
eminent French Engineer Darcy, over thirty years ago; and again proved untrue 
by the experiments mentioned above. The fact is, that a rough surface appar- 
ently sets the whole stream all the way to its very centre into a 
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condition of turmoil and eddying, and all these eddies absorb power. 
The same is true of iron pipes containing tubercles. An old tubercle-coated 
6-inch pipe, in which there is a clear open waterway 5 inches diameter 
inside of projecting tubercles, may discharge no more water undera 
given pressure than would a smooth, clean pipe about 4 inches in 
diameter. 

In purchasing new hose, departments are advised to insist on a sample being 
furnished along with the proposal, and to insist that for acceptance the smooth- 
ness must in all cases equal that of sample. 


Hypravutic ELEMENTS ON WHICH TABLE Is BASED. 


Coefficient of discharge, smooth nozzles. - - ‘ 974 

- « “ ring “ ° . ° . ° -740 

Diameter of hose-couplings . ; ; : 3 2.50 inches. 

Actual diameter of ordinary good 23-inch rubber-lined hose is 
= - s me ty unlined linen hose 


ba: ‘© inferior rubber-lined hose 


Hose supposed to be laid in a curved or crooked line, as in ordinary practice. 
Friction loss per 100 feet, with 240 gallons per minute flowing, assumed to 
be as follows, including effect of curvature and stretch : — 


13 Ibs. 
26 lbs 
30 lbs. 


For very best and smoothest rubber-lined hose . 
For inferior rubber lined hose with rough interior 
For ordinary linen hose ° . : 


These were average values, resulting from the experiments already described. 
In the original paper algebraic formule were presented, adapted to the solu- 
tion of various problems, but it has not been thought best to reproduce them 


here. 
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80 pounds per square inch is now considered best hydrant pressure for general use ; 
100 Ibs. per sq. in. should not be exceeded, except occasionally for very high 
buildings, or lengths of Hose exceeding 300 feet. 

If nozzle is much higher or lower than hydrant, allowance for difference of level must 
be made on hydrant pressure (10 feet in height corresponds to 4.33 Ibs. water 
pressure). % 
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Steamer) while stream is flowing, to maintain pressure at base of play-pipe, as per 
various lengths and kinds of 21-inch Hose, as below. 
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9 8 7 
17| 16) 13 
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| 17 14 
26) 21 
| 35| 28 





34) 32) 26 
43| 41| 33 
52) 49) 40 
60} 57| 46 
69] 65] 53 


| 44) 35 
| 52) 41 
61) 48 
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70| 35 
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TAKE NOTICE. — The above is pressure at hydrant head while stream is flowing. 
The corresponding Static Reservoir Pressure, or Fire-pump Pressure, must be 
eater than hydrant pressure by an amount equal to friction loas between 


ydrant-head and pump or reservoir. 
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12) 11 I 3 
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80 pounds per square inch is now considered best hydrant pressure for general use ; 
100 Ibs. per sq. in. should not be exceeded, except occasionally for very high 
buildings, or lengths of Hose exceeding 300 feet. 

If nozzle is much higher or lower than hydrant, allowance for difference of level must 

be made on hydrant pressure (10 feet in height corresponds to 4.33 lbs. water 
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Steamer) while stream is flowing, to maintain pressure at base of play-pipe, as per 
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TAKE NOTICE. — The above is pressure at hydrant head while stream is flowing. 
The corresponding Static Reservoir Pressure, or Fire-pump Pressure, must be 
— than hydrant pressure by an amount equal to friction loss between 

ydrant-head and pump or reservoir. 
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80 pounds per square inch is now considered best hydrant pressure for general use ; 
100 Ibs. per sq. in. should not be exceeded, except occasionally for very high 
buildings, or lengths of Hose exceeding 300 feet. 

If nozzle is much higher or lower than hydrant, allowance for difference of level must 
be made on hydrant pressure (10 feet in height corresponds to 4.33 lbs. water 
pressure). 
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TABLE A.—No. 3. 
From experiments of 
J. R. Freeman, 1888. 
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TAKE NOTICE. — The above is pressure at hydrant head while stream is Prats. 


The arg ages | 
—— than hydrant pressure by an amount equal to friction loss between 
ydrant-head and pump or reservoir. 
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If nozzle is much higher or lower than hydrant, allowance for difference of level must 
be made on hydrant pressure (10 feet in height corresponds to 4.33 lbs. water 


pressure). 
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square inch is now considered best hydrant pressure for general use ; 
per sq. in. should not be exceeded, except occasionally for very high 
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TABLE A.—No. 4. 
( From experiments of 
J.R. Freeman, 1853, ; 
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—Height and Distance of Jet. 
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general outside use. 








Steamer) while stream is flowing, to maintain pressure at base of play-pipe, as per 
various lengths and kinds of 214-inch Hose, as below. 


Length 300 ft. | Length 400 ft. | Length 500 ft. | Length 600 ft. 


ra 
ie 





Lgth. 1000 ft. 





Length 800 ft. 


ugh 
i bber. 


Rubber-lined Cotton 


‘elon 


uality Rubber- 
nality Rubber- 
nside Smooth. 
lity Rubber. 
Inside Smooth. 
quality Rubber- 


ose.—Inside Smooth. 
Ordinary best quality R 


Rubber-lined Cotton 
~e.”’—Inside Rougl 


best 
nary best quality I 


*Mill Hose.””—Inside Rough 
lined Hose.— Inside Smooth 
lined Hose,—Inside Smvoth, 


ferior Rubber-lined Cotton 


“Mill Hose.”—Insids 


“Mill Hose.” —Inside Rough 


nferior Rubber-lined Cotton 
“Mill Hose.””—Inside Rough 
lined Hose.—Inside Smooth. 
Inferior Rubber-lined Cotton 
lined Hose. —Inside Smooth. 


lined Hose.- 
Ordinary best ¢ 


lined Hose. 





| Ordinary best " 
| Unlined Linen Hose. 
| Ordinary best q 


| 1 


: | Ordinary best quality Rubber- 


‘ | Unlined Linen Hose. 

& | Unlined Linen Hose. 
Inferior Rubber lined ¢ 

p | Unlined Linen Hose. 


z| Unlined Linen Hose. 


F 
| In 
5 


= 
S 
& 

cs 
t= 





S 
Pa 
_ 
Oo 
NS 
° 
wn & 
- Ff 


, ae oe 
20 6| 48) 43, 27] 55. 49) 
45| 31] 6 71; 64) 40] 82° 74) 54 
| 60) 41 95 85) 54} 110 139,123) 73] 168149) 85 
| 75| 51 119|107| 67 


| 174/154) 91] 211 186 107 
99} 90 61 143/128) 80 209/185) 109 | 253 223 128 
115/105] 71 166/149) 94 


243/216/127]... 
131/120 81 190/171} 107 
aie 





& 
° 











137 123| 75 
165 147} 90 
192,172,105 
220 196 120 


1o1| g1| 59 
121109 71 
141127, 82 
161/145) 94 


181 





278|247|145 
& 








148| 135) 92 
164 150 102 
181 165/112 
197 180 122 


16 3 106 
1811 18 
221/200 130 
241|218 141 


201 


| 
214/192/120 

| | 
238 213/134 


262'235|147].... 
....}256) 160] ....|... 


2472211135]. -| 


274 245/150 rs 





214] 195/132 
230/209] 143 


246|224)153]....|.. 
263/239/163]....]... 


261|236|153 
+1254] 165 


.|177 
188 





| 


183 





204 


S930. 3. [o30- 


194]... 


. |224 








'236 





200 }.- 
-|2E25... 

















TAKE NOTICE. — The above is pressure at hydrant head while stream is flowing. 


The correspondin 


Static Reservoir Pressure, or Fire-pump Pressure, must be 


eater than hydrant pressure by an amount equal to friction loss between 


Eyaranthead and pump or reservoir. 
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Hydrant Pressure Required — Discharge 
z Extreme dertasuna % Pounds Pressure. Required at Hydrant, (or 
a eight of Distance oO 
oy Jet. reached by oS 
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80 oem per square inch is now considered best hydrant pressure for general use ; 
100 lbs. per sq. in. should not be exceeded, “creeps occasionally for very high 
buildings, or lengths of Hose exceeding 300 feet. 
If nozzle is much higher or lower than hydrant, allowance for car apg of level must 
be made on hydrant pressure (10 feet in height corresponds to 4.33 Ibs. water 
pressure). 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


NOZZLE. (™. 


size is well adapted for serious fires where water 
upply is ample and line of hose not tov long. 


— Height and Distance of Jet. 


) TaBce A.—No.5 


( From experiments of 


. FREEMAN, 1388.) 








Steamer) while stream is flowing, to maintain pressure at base of play-pipe, as per 
various lengths and kinds of 21-inch Hose, as below. 
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| Unlined Linen Hose. 
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TAKE NOTICE. — The above is pressure at hydrant head while stream is flowing, 
The corresponding Static Reservoir Pressure, or Fire-pump Pressure, must be 
greater than hydrant pressure by an amount equal to friction loss between 


hydrant-head and pump or reservoir. 
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& 22 75.) 8:.9|149| 2 96|ar4| 2 86 | 407 | 153/145/117 218 200 145 sees] eee] 200 
223 80.) 873/154] 2 97,220) £ 88 | 514 | 163/154)124] 232/214 154]....|....'214 
8 Sage —— 
@ 34 85.) 92. | 158 2 99)226| £ 90 | 529 174|164 132 247|227 164]... --|227 
—" cv | 4 
S 22 90.) 08.2) 161| £100}232/ 92 | 645 184/173 140] 261|240|173]....|..../240 
28 95.) 103.7 | 163 = 101|238] 5 94 | 560 | 194/183/148 veee|254|183 mest} oss 268 
7 6 100.) 100.1 | 165} 108}243| 96 | 574 204|193|156 ae ee CO ee a ae 
80 pounds per square inch is now considered best hydrant pressure for general use ; 
100 Ibs. per sq. in. should not be e led, except occasionally for very high 


buildings, or lengths of Hose exceeding 300 feet. 

If nozzle is much higher or lower than hydrant, allowance for difference of level must 
be made on hydrant pressure (10 feet in height corresponds to 4.33 lbs. water 
pressure). 13, 

‘3 8. 





NEW ENGLAND WATER WORKS ASSOCIATION. 


TABLE A.—No. 6. 
rR experiments of 
J. R. Frgeman, 1888, 


NOZZLE. 


—Height and Distance of Jet. 








Steamer) while stream is flowing, to maintain pressure at tees of play-pi 
various :engths and kinds of 21,-inch Hose, i below. shit atti ta 





Length 300 ft. 


“Mill Hose.”—Inside Rough, 
lined Hose.—Inside Smooth, 


Ordinary best quality Rubber- 


§ 
s 
= 
5 
6 
| 
& 
3 
2 
a 
& 
= 
€ 
= 
4 


ae | tbe. 


zg | Unlined Linen Hose. 


32) 28 17 
63) 56) 34 
95| 85) 51 
127/113) 68 


Length 400 ft. 


Length 500 ft. 


@ 
3 
4 
> 
J 


»| Length 800 ft 





“Mill Hose.””—Inside Rough. 





lined Hose.—Ilusiue Smooth, 


Ordinary best quality Rubber- 


Inferior Rubber-lined Cotton 


| Unlined Linen Hose. 


iz 
bd 





21 


42 
121/107) 62 


161/143) 83 


Hose.’’—Inside Rough 


lined Hose.— Inside Smooth, 


nferior Rubber-lined Cotton 


“M 





| Ordinary best quality Rubber- 


| Unlined Linen Hose. 


> 
a 


; | Te. | Ibs. 
49| 43) 25 
98) 86) 49 

147/129) 74 

98 


> 
oe 


lined Hose.—Inside Smooth. 


=| Inferior Rubber-lined Cotton 
e “Mill Hose.”—Inside Rough. 
Ordinary best quality Rubber- 


Unlined Linen Hose. 


z | 
: 





NS 
aw 


57] 54 
II5 101} 56 
1721152 85 
230 202/113 





“Mill Hose.”’—Inside Rough 


nferior Rubber-lined Cotton 


F | Unlined Linen Hose. 
| I 


S 
& 
= 
& 


74| 66 
149|131 
224|196 


299) 262 








lined Hose.—Inside Smooth 


S| Ordinary best quality Rubber 


L’gth. 1000 ft. 


lined foee,— inside Smooth 


| Inferior Rubber-lined Cotton 


161| 86 
241/129 
voe-]3201173 








158/141| 85 
190 169 103 
222 198/120 
253 226 137 


| | 
201) 178) 104 
242 214/125 


282 2501146 Beas 
seve [eves |166 xed 


195 173) 
123 


244|216| 
147 
-|172 


| 
293/259 


287 253/141 


1196] ....| 


1661.4. 





254'154 


187 


Pa | Rae eee 
AZIDE covehs se: 
BS) OR AR ees 


-{221 


245 
270 












































TAKE NOTICE. — The above is pressure at hydrant head while stream i: flowing. 


The correspondin 


Static Reservoir Pressure, or Fire-pump Pressurs, must be 


eater than hydrant pressure by an amount equal to friction loss between 
ydrant-head and pump or reservoir. 


1% s. 








NEW ENGLAND WATER WORKS ASSOCIATION. 





Smooth Nozzle, 
Standard Form. 





SH 


SS 
Ordinary Square 


Ring Nozzle. 


Sees TERNS FY 
Wy 


Undercut or Knife- 
Edge Ring Nozzle. 


Rina Nozzres. 


We find so many ring nozzles in use that it was thought best to prepare tables 
giving their discharge. The advocates of this style of nozzle stand up for its 
alleged merits stoutly, and therefore, as already stated, I tried some experiments 
intended to settle the question. Ring nozzles were prepared of such size as to 
discharge just the same number of gallons per minute as certain smooth nozzles, 
and the two, ring and smooth, then tested side by side. One set of these experi- 
ments is illustrated in the cut opposite. Another series of experiments was tried 
at another place, with jets more nearly horizontal. Both series of experiments 
were made with the greatest care, and at times when there was almost absolutely 
no wind; and were afterward repeated in the presence of the corps of inspectors. 

These experiments all showed conclusively that the ring nozzle does 
not possess the slightest advantage over the smooth nozzle. The 
smooth nozzle proved slightly superior: its stream was more solid, and reached 
a little farther; this difference was very small, however. 

Other experiments proved that a ring nozzle discharges only three- 
quarters as much water per minute as a smooth nozzle of the same 
size. The sharp corner of the ring contracts the stream, and if any one will 
measure diameter of stream close to nozzle with a pair of common machinist’s 
calipers, he will find it about $ inch smaller than the hole from which it issues. 

The only use of the ring nozzle is to make a show of playing 
a larger stream than is the fact. The apparent advantage of the ring nozzle, 
which has misled many firemen, is easily explained. The result is the same 
as if a smaller nozzle were used, while hydrant-pressure remained the 
same. The number of gallons per minute flowing being less, the pressure lost 
by friction through hose is less; therefore pressure at base of play-pipe remains 
greater, therefore stream goes higher. 

For j-inch and 1l-inch ring nozzles the discharge is almost exactly the 
same as for smooth nozzles 3 inch smaller; therefore no special tables for these 
two sizes of ring nozzles are given. For 7-8-inch Ring Nozzle use table 
for 3-4-inch Smooth Nozzle, and for l1-inch Ring Nozzle use table for 
7-8-inch Smooth Nozzle. 
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Disc t I-in, Ri %-in. Smooth. 
(5 Schaces af icin. Ming in cnmesan tins Seana 114-INCH RING 
Hydrant Pressure Required — Discharge 
Ne Bx 3 ds P Required at Hydrant (or 
g | narone | Beane, |“ [Pounds Pressure Requred at, Hysrant 
2 eee ched b: =" 
INDICATED = | Met | Mace” | 2 | Length 50 ft, | Length 100 ft. Length 200 f, 
bine g 2§ a3 2 § 2 ze id 6/34 vad ae 
auge at- » Sis [ESlEe5 : s Sziee 
” emma a gO. §2|22 2 w at pa Ra 
at Base | 2 iz lsGeles iste] = | 2 |22|22] 2/22 )22 
of Play-Pipe) OS la jeseiesize2] = | 3 (24 /E1] 3 |24| si 
and set level Se BBS a3 385 4 Z2/23/8e] 2 fs 
with End of 20) | eset ae EIS = ” A/FSitse | 4 res 
Nozzle. Bs | be. £ Be we z= 6 3 gs 3 3 23 
a tet ee tat Mee? eo Tbe: |b. | os Wes |Wbe | Toe. J tbs. | Tbs Toa 
£ 6.) 5.1 | so] ..... 17] gos 63 6 6 6) 7 7) 6] 9 9 7 
& 1. so2) 2/517! 37/¢ 20] 89] 13) 12 11] 15 12] 19 18 14 
a 15. 15.4 | 32/4 26] 57 = 29 110} 19 18 17] 22, 18 28) 27' 21 
2& 20. 205) 42} 5 34] 76/236 | 126] 25] 25: 23] 29, 28, 25] 38, 35. 28 
, 2 { 5-6 | s2|242| 93/241 | 141] 31) 31] 28 37| 35) 31 47| 44) 35 
E ~ ' 80. 30-7) 62| = 49 | 107 = 45 155 38] 37| 341 44] 42] 37 56) 53) 42 
3 2 - eat in 
2 _{ 85.) 35-8| 72] 2 66] 120| £49 | 167} 44} 43) 40] 51! 49| 43] 66) 62! 49 
A ez | + s } | } 
2 § {1 40 409) 82| 2 62|13»| 2 63 | 179] 50, 49] 45} 59) 56 49] 75| 71 56 
pt 45,) «60 ot |2"67 | s4x|= 56 | 190 | 56] 55| 51 66, 63| 55 85; 80! 63 
& :| 50. 5'-2 | 99! 2 70} 150| $69 | 200 | 63) 61! 57 73) 70) 61 94) 88} 70 
& 34 55. 56.3 107 | * 73 | 158] * 62 | 210 | 69 67 63] 80 77) 67] 103) 97) 77 
2 | 60. 614 | 115/476] 164|@ 65 | 219} 75] 74! 68] 88 84! 74]113 106, 8 
e A 65.’ 66.5 | 122] 2 79 170| 3 67 228 | 82 80) 74 95| 91| 80 122/115 gI 
§ => 70. 71-6 | 128] % 82 | 176 = 69 237 | 88 86 80] 102) 98) 86 132)124 98 
H 22 15. 76-7 | 133| £ 84 | 181 = 71 | 245] 94 92 85] 110/106) 92] 141 133 106 
= 22 81.8 138| 2 86 186| £73 | 253 | 100) 98) 91] 117,113, 98] 150 141/113 
© 33 5. 87-0 | 142| £ 88190] 2 75 | 261 107| 104 97 124|120 104] 160! 150!120 
E28 90. 92-1 | 145/ £89] 104/ = 77 | 268 113,110) 108 132/127 110] 169 159,127 
2 _ 95. 072 a er 198 | = 79 | 276 119 117/108 139|134]117] 179 168 134 
> 2 100.) 102.3 150) 98202} 80 | 983 1125 123/114} 146 141/123 188 177 141 








NOTE.— The above figures for Ring Nozzle Discharges will apply to any ordinary form 
of Ring accurately enough for practical purposes, but apply especially to ordinary 
form of Riny Nozzle with square shoulder 

Ring Nozzles with ‘‘ undercut” or “ knife-edge ” shoulder, discharge, as ordinarily 
constructed, about three per cent. less than quantity given above. 
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or 


inch deep. 
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NOZZLE. 
—Height and Distance of Jet. 
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TaB_e A.—No. 7. 
( From experiments of 
J.R. Freeman, 1338, 








Steamer) while stream is flowing, to maintain pressure at base of play-pipe, as per 
various lengths and kinds of 212-inch Hose, as below. 











































































































Length 300 ft. | Length 400 ft. | Length 500 ft. | Length 600 ft. | Length 800 ft. 
<2 |=2 3s ya ‘cn =2|=a 4 
lee clei | alle Ele | le 
g/2eles) §i2sles) Flasleé] slaelet] &lazle! 
Bltsleg] 2 |eeleg] BIE 3 esl23] 3 |2s| 43 
£lSR/22] 2 |e |52] 2/5 2\En/22] 2/52/52 
2/132 |z5 ai1S* |z= a iGs ais: liza i 2 is: [3 
pis |6 Pies 16 Bis BIE is BIS I6 
Tos. | ibs. | Ibs. | Ibs. | Ibs. | ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. 
12) ts, 8] 14 os 9] 16) 14! 10 as 16) 11 22) 20) 12 
23 oa 16] 27 25) 18 31| 29) 19 35) 32) 21 44) 39] 25 
34) 32) 24] 41] 37) 27) 47| 43, 29) 53) 48) 32} 66) 59) 37 
46, 43; 32] 54) 5°, 35} ©3| 57\ 39] 71| 64| 43] 88 79: 50 
37 3] 40] 68 62] 44] 78! 71) 49 89| 80 53] 110 98| 62 
69 64) 48} 81 75) 53] 94) 86) 58] 106) 96; 64} 131/118) 75 
80] 75) 56] 95 87| 62 110)209 68] 124,112) 75]153 138, 87 
92) 85 64] 108/100, 71] 125/114) 78 142/128) 85] 175/157 100 
103! 96 71] 122/112) 80 141/128 88 160|145| 96] 197'177 112 
115 106) 791 136|125| 88 156)143 97| 177,161 106 219 197 125 
126.117) 87] 149/137] 97 172)/157|107 195 177/117] 241 216 137 
138,128, 95 | 163|149| 106] 188)171|117] 213 193 128] 263 236 149 
149/138 103 176 162|115 203 185|127 230|209|138 .-+-|256| 162 
161/149 Ill 190)174) 124 219\200'136 248 225 149 wees \174 
172/160}119 | 203 187/132 235/214 146] 266 241/160 soee]oee] 187 
184! 170| 127 217|199)141 250/228|156} ..../257/170]....|.... 199 
195|181' 135 231/212 150 --++/242|166 ine ae 181 ....[212 
207 192 143] 244 224 159 +++ 257/175 ..|192]....]..../224 
218202 151] 258 237 168 wees] ene} 185 +1 |eeee| 202 veve[eeee|237 
230/213 159] ....|249. 1771 ....|..-. | Sa els | eee ea 249 


























L’gth. 1000 ft. 





Rubber-lined Cotto: 


Unlined Linen Hose. 





|= 
° 

a ots 
Ibs, | Ibs. lbs. 


26) 23) 14 
52) 47 29 
78| 79) 43 
104| 93, 57 
130 116| 71 
156 140) 86 
182 163 Ico 
208 186 114 








234|209|128 
260 233 143 
+++-|256,157 

[eee [ 17H 








TAKE NOTICE. — The above is pressure at hydrant head while stream is flowing. 
The corresponding Static Reservoir Pressure, or Fire-pump Pressure, must be 
greater than hydrant pressure by an amount equal to friction loss between 


hydrant-head and pump or reservoir. 


ligr. 
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Hydrant Pressure Required — Discharge 
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ig | Extreme | Pounds Pressure Required at Hydrant 
| | aragne ot | “ictence’ | So “Mist columi, through 
~ | reache: 
INDICATED | & wie ve. | | Length 50 ft. | Length 100 ft. | Length 200 
RESSURE| 2 35,3 2 new 
y Gauge at-) + Asles |FS/és © § 2 SZise 832 
atBae' | 35 E3/sQelesicae}] = 2)22/32 | 2/22/33] & 22/33 
ofPlay Pipe) 2 mele Selec Se] S| Sli ler| Sle! és] = EF 
and set level! SS SSIS BSISS|S BE] 2 | 2 leslie] 2 |SelFe] 2 l2elis 
with End of 2>@ “o/eSS) SieSst} wo | al/Fsicg] A /Rg ice] 3 #2 |28 
Nozzle. ohm ES /e5Aac/2—5A = 3 es 3 les] se 3 lssl8. 
De Sl|8Sclesif8 Sa ° a lcslee elcsles = |==/83 
eo g5\s Sslelase = | a letlsel 2 ls lse] 3 [sz le3 
ee ee srl GS PS Ie le") 8 le (S"] 8 Se 
Te el a (el wen Tos. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | ibs. | Ibs. | ibs. 
a 5. 5-2 | I] ..---] 20] yee 79 Ss 6 a a sa II 8 
é 10. 10.4 | 21 $17 39) ¢ 21 lll} 14 13) 12] 17 + 13 24) 22\ 16 
S 16, 155) 32/4 26] ss) = 30 186 | 21| 20, 18 * 24! 20} 35) 33) 24 
© 20.) 20-7 43| § 35] 78| £37 | 157 | 28; 27| 24) 34) 33) 27] 47) 44!) 33 
P Z| 25. 25-9 53/243] o7| £42 | 176} 35] 34] 30] 43) 41] 341 59 55| 4! 
g* 80, 3-1 | 63 = 49 112 2 48 192 | 42) 40) 36] 51] 49] 40] 71 66) 49 
z i 85.) 362 93| 2 66]126| = 61 | 208 | 49) 47| 42] 60) 57) 47 sa 76| 57 
© £1 40, 4-4 83| 2 63|«38| = 65 | 222] 56] 54] 48] 69) 65) 54] 94] 87) 65 
r< (25. 46.6 are 68 | x49 | = 69 236 | 63! 61) 54 77| 73) 61 106, 98) 73 
= 2 { 50.) 5:8 x02) £72) 157) 3 62 248 | 70) 67) 61] 86) 81| 67] 118\100) 81 
& £455.) 57.0 x11| * 76 | 164 = 65 | 260} 77) 74| 67 94] 90) 74 130129 90 
& | 60.) 62.1 119| = 79] +72|= 68 | 272} 84) 81) 73] 103) 98) 81] 141/131| 98 
3: 65.) 67.3. 127 2 81 78/271 283 | ol 88] 79 111|106, 88 153/142 106 
35 70.) 72.5 | 133 @ 84/185) 2 73 294 | 97! 94! 85 sanietg 94 165/153/114 
H 22 15.) 77-7 138 = 86 | 191 | 2 75 804 J 104/101] 91 $29}123)101 177/164 122 
2 22 80. 82.8 143| 5 88|196| £77 | 314 | 111/108) 97] 137|130,108 | 188/175] 130 
@ 23 85. 88.0 147] £ 90|20r| £79 | 324 | 118\115|103] 146|138|115 200] 186|138 
S 28 90.) 93-2 149| £ 92} 206) 2 81 | 383 | 125 121109 154 147|t21 212/197|147 
g :° 95.| 08.4 | 152) § 94)21/ 5 82 | 842 agaist 115 ] 163/155|128 | 224 208 155 
> © 100,! 103-5 ' 154] 96 |215| 84 | 851 | 139]135|121 1 171|163/135 | 236,218 163 
NOTE.— The above figures for Ring Nozzle Discharges will apply to any ordinary form 
of Ring accurately enough for practical purposes, but apply especially to ordinary 
form of Ring Nozzle with square shoulder ~, or } inch deep. 
Ring Nozzles with ‘‘ undercut ’’ or “ knife-edge ” shoulder, discharge, as ordinarily 
constructed, about three per cent. less than quantity given above. 
1%4r. 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


NOZZLE. 
—Height and Distance of Jet. 


TaBLe A.—No.8. 


From experiments of 
J. R. Freeman, 1888, 


153 








Steamer) while stream is flowing, to maintain pressure at base of play-pipe, as per 
various lengths and kinds of 21-inch Hose, as below. 






















































































Length 300 ft. | Length 400 ft. | Length 500 ft. | Length 600 ft.] Length 800 ft. | L’gth. 1000 ft. 
fez] |2(22| |242] |u|] |FIK| IK 
cele) |ssjee) jcsiqel |csiae) icslee] |celae 

,|ezlbet sg lezibe] ¢ /Bel23] ¢ ltzles] > /eslee] > |2zl23 

§|22|/22 | 2 |22/22| 2 |22|22| 2 |22|/22] 2 |22|22| 2 |22|28 

elglae| lege) eleglee| 2 légleal a léslea| flutes 

528/42 | 3 |23|42 | 5 |22/42 | 3 jes |42] 3/22/22] 3/22 |22 

slelee| a lsclee] glecisel gle te| glclel gels 

£\5a(52] 2 |5a/£2 |] 2 ER |22] 2 |ER|22] 2 |Es|S2) 4 £3 

Bie ls" |} 5 |S |S" 7 SiS (6° | S 1s |s"] 5 ls 1S-] 5 5* 

Tbs. | Ibs. | Ibs. | Ibs. | 1bs. | Ibs, | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. 

15} 14] 10} 18) 17) 11] 21 9 12] 25) 22) 14] 31) 28] 17} 38] 33) 19 

30} 27) 19] 36) 33] 22 43) 39) 25 49) 44) 27 62) 55| 33] 75) 66, 39 

45] 41| 29) 55] 49) 33] 64 58) 37] 74) 66) 41] 93) 83) 49 t12)100) 58 

60] 55) 38] 73) 66) 44] 86; 77) 49] 99) 88) 55 124/111} 66] 150/133) 77 

75| 69} 48] 91] 83) 55] 107 96 62 123|110) 691155/138] 83 1871166) 96 

go} 82) 57] 109] 99| 66] 128/116) 74 148|132} $2] 186/166} 99 225) 199/116 

105} 96) 67] 127/115) 76] 150/135) 86 172/154) 96 | 217|193 115 262/232 /135 

@120/110) 76] 146)132) 87]171|154! 99 197|176,110 248)221/132] ....|266/154 
135|123| 86] 164/148) 98 193{173|111 222/199|123 279 249|148 ceabencoplee 
150)137| 95] 182)165) 109 | 214) 193/123 | 246 221/137 ++++]276)165 --|193 
165/151|105 | 200/181)120 | 236| 212/135 | 271/243/151]....|....) 181 .-|212 
180) 164] 114 | 218/198] 131 257|231|148 v+++|265|164 ae ea .. [231 
195|178|124 | 237/214|142] -...|251|160]....|..../178 vee {27 ..}251 
5} 17 5 7 4 5 

210/192|133 | 255/231/153 wer ee veael192 {231 

225/206)143] -...|247|164 200 |TO5 | ose v-1-|206 -|247 

240/219|152] ....|264/175] ....]...-|197]..-- -..f21g |264 

255|233'162 ae «++.{186 | eee -++»|233 

voe+/247/172] «2. +++) 197 ain one a 9 oe 

abe 260/181 208 ka sp oo boo sn[ MO ag ee ee 

Belefes «(ZOE e218 a?! ae ae SI ea pee eee | CR Ge 















































TAKE NOTICE. — The above is pressure at hydrant head while stream is flowing. 
The corresponding Static Reservoir Pressure, or Fire-pump Pressure, must be 
greater than hydrant pressure by an amount equal to friction loss between 


hydrant-head and pump or reservoir. 
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Hydrant Pressure Required — Discharge 
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883 | 127/122)105 | 165/155 122 241/221)155 
395 135|129|112 175|164|129 257/235 164 
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NOTE.— The above figures for Ring Nozzle Discharges will apply to any ordinary form 
of Ring accurately enough for practical purposes, but apply especially to ordinary 
form of Ring Nozzle with square shoulder vs or } inch deep. 

Ring Nozzles with ‘ undercut” or ‘“ knife-edge ” shoulder, discharge, as ordinarily 
constructed, about three per cent. less than quantity given above. 


13% r. 





NEW ENGLAND WATER WORKS ASSOCIATION. 


NOZZLE. Taste A —No. 9. 
—Height and Distance of Jet. (cierane 


. R. Freeman, 1533, 





Steamer) while stream is flowing, to maintain pressure at base of play-pipe, as per 
various lengths and kinds of 24-inch Hose, as below. 
Length 300 ft. | Length 400 ft. | Length Length 600 ft. | Length 800 ft. 


Eye 











Perr rig ei¢ 


Inferior Rubber-lined Cotton 


“Mi 


4 


se."’-—Inside Re 
se.’’—Inside Ro 


y best q 
ferior Rubber-lined 


lined Hose.—Inside Smooth 
° 


Inferior Rubber-lined Cotton 
lined Hose,—Inside Smooth 


Unlined Linen Hose. 


rdinary best quality R 
“Mill Hose.”—Inside 


Ordinary best quality 





| Unlined Linen Hose, 


Ordinar. 
aed fuse. 

| ty) 

| In 


Ie. | tb. | tbe Tbs. | Ibs. | Ibs. 
| | | 

44, 39) 22] 53, 47) 

| 24) 49) | 88 77) 44] 107, 94, 53 

| 35 | 79} | Ot| 131 116, 66] 160 141) 79 


| 47 | 09! |105) | 21175 155) 88] 213 188,105 





§ | Unlined Linen Ilose. 











~ > Z| y 

SS Se =| Unlined Linen Hose. 
s 
ss 
Cc 








59 123/111 69 147|131 79 171 152) 219|193 111] 267 235/131 
70 148.133, 83 177|157 95} 205 182) 108 263/232 133 
82 173/155) 97 A" i, ip 240 213/126 wee [270155 
| 94 197\177 111 236) 210/127 | 274 243 144 





" 199/180) 117 247 221/138 a 263|159 


219|198 129] 271|243,152].... 


179|162|106 222/199) 124 265/236|143] ---- 


| 


238 216,141] ....|265/166].... 





258234 153] ----|----|180 
ooo [251/164] ..--|----|193 
gas[/ FOR. .:|oe0s 

{188}... 











../2II 
SARE 0 sclenes 
.-1235 
TAKE NOTICE. — The above is pressure at hydrant head while stream is flowing. 
The corresponding Static Reservoir Pressure, or Fire-pump Pressure, must be 
greater than hycrant pressure by an amount equal to friction loss between 
hydrant-head and pump or reservoir. 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


Table B. 


Pump Inspection TABLES. 


These were designed primarily for the use of insurance inspectors or mill 
superintendents, for testing fire-pumps, to see if they were in good order, and 
would deliver as many gallons per minute as they were rated to throw. 

The 1}-inch smooth nozzle stream, with a pressure of 40 or 45 pounds at 
nozzle, is the standard fire-stream used as basis for estimating capacities of fire- 
pumps, and in general a hydrant-pressure of 80 to 100 pounds is considered 
most desirable. 

These tables (B, No. 1, and B, No. 2) are also very convenient for the use of 
water-works superintendents in measuring the water used for special purposes. 
It will be seen that the amount discharged varies with the quality of the hose, 
but by the use of a little judgment in interpolating between the values for very 
smooth hose and very rough hose, according to the grade used, the tables will 
give results which are certain within five per cent., and generally closer than 
this, and close enough for most practical purposes. 

The results will be a little more accurate when 50 feet of hose is used than 
for 100 feet, since the effect of any peculiarity in the hose is proportionately 
less. 

These tables are of use as a convenient means of measuring the number of 
gallons that a pipe system can supply in a given part of the city without reduc- 
ing the pressure below a certain limit. 

If it is desired to know the discharge of a nozzle on a line of hose longer 


than 100 feet, Table A may be used, thus: Suppose nozzle is 14 inch smooth, 
line of hose medium rough and 500 feet long, hydrant pressure, 150 pounds. 
Looking in Table A, No. 5, under column headed “ Length 500 feet,” and inter- 
polating : 
We see that with smoothest hose, gallons per minute = 302. 
We see that with rough hose, gallons per minute = 232. 


Thus the discharge would be somewhere between these two. 





1 These tables are not designed for the exact gauging of discharge of pumping-engines, men- 
tioned on page 103. 

To get the very great accuracy mentioned on page 102 requires a special piezometer close to 
play-pipe and a very careful measurement of diameter of nozzle orifice, and will generally in- 
volye a special computation. 
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PUMP INSPECTION 


~~ = Discharge of Nozzles attached 








| 13-Inch 


HYDRANT 
PRESSURE 


indicated 
while 
Stream is 
flowing 
by Gauge 
attached to 
Hydrant, 
as shown. 


Lbs. 

5 
10 
15 
20 


Smooth Nozzle. 
Gals. per Min. 


144-Inch 
Smooth Nozzle. 


Gals. per Min. 


a 


1¥g-Inch 
Smooth Nozzle. 
Gals. per Min. 


1-Inch 
Smooth Nozzle. 
Gals. per Min. 


Ye -Inch 
Smooth Nozzle, 
or 1-inch Ring 
Nozzle, 
Gals. per Min. 





uality Rubber- 
nside Smooth. 


ab 


088. 


“Mill Hose.””—Inside Rough. 
H 


Unlined Linen Hose. 


| Inferior Rubber-lined Cotton 
lined 





Ordinarybest 


& | Unlined Linen Hose. 


go 
127 
155 
180 


92/103 
131/146 
1601179 
185, 206 





uality Rubber- 
nside Smooth. 


“4 


Inferior Rubver-lined Cotton 
“Mill Hose.”"—Inside Rough, 


Ordinary best 
lined Hose. 


82 
114/116 127 
140/143/154 
161|164'179 





| 


best quality Rubber- 
8e.—Inside Smooth, 


Inferior Rubber-lined Cotton 
“Mill Hose.” —Inside Rough. 
OF} 


| Unlined Linen Hose. 
lined 


| Ordinary 








79) 71) 75 
99 I01|}107 
121/123 131 
140142151 


uality Rubber- 
nside Smooth. 


a 


‘Mill Hose.””—Inside Rough. 
best 
‘08e. 


Inferior Rubber-lined Cotton 


lined 





| Unlined Linen Hose. 


| Ordinar 


59) 59 
83) 84 
IOI 102 
117,118) 





uality Rubber 
nside Smooth 


4 


y best 
eo. —, 


Hos 


Unlined Linen Hose. 


Ordina 





93| 94) 96 





25 
30 
35 
40 


207'230 
2201226\251 
2381245 272 
255|262 291 


201 


180'184 
197|202 
213/218)236 
227/233|253 


200 
219 





156|158|169 


171/173)184 
184 188)199 
197 201/213 


131/132|137, 


143) 144|150 


154 156/162 
165 167,173 


104. 105|107 
114 115/118 
123 124/127 
132,133)136 





45 
50 
55 
60 


270!278 


309 


284! 293/325 
298 307/341 
311 320/357 


241 |247|269 
255 260) 283 
267 273/296 
279 285] 309 


209'21 3/226 
221/224 238 
232/235/250 


242)245|261 





175/177|184 
184 186) 194 
193 195|204 
202'204/213 


140 
147 
154/155|159 
161| 162/167 


i141|t44 
| 





65 
70 
75 
80 


324| 333 371 
336) 346) 385 
348) 358) 399 
359|370/412 





290|296|322 
301 307) 334 


| 
311) 318 344 


322/329 (357 


2s2|255|272 
261|265 281 
270 275/201 


279|284! 301 


| 
210 213 221 
218 221/230 
226/228 238 


233)236, 246 


| 
| 
| 
| 


168, 169/173 
174 176 180 
re pe 186 
186 188) 192 





85 
90 
95 


371 '382|425 


381 393/437 
392 





100 





403 449 
402 414|461 





332339 369 
34113491379 
350) 358 390 
359|368|400 





288 293 310 
296 301 319 
304/309 328 


31213171337 





240 243 253 
247/250 261 
253/257 268 
2601264'275 





192 193/198 
197/199) 204 
203 204/209 
208 2101215 





Quantities are stated in United States gallons of 231 cubic inches. 





NEW ENGLAND WATER WORKS ASSOCIATION. 


TABLE B.—No.1. 
( From experiments of \ 
J.R. Freeman, 1988. ) 


TABLES. 


to 50 Feet of 21-inch Hose. 








%4 -Inch 
Smooth Nozzle, 
or %-inch Ring 

Nozzle. 

Gals. per Min. 


1¥8-Inch 
Ring Nozzle. 


Gals. per Min. 


144-Inch 
Ring Nozzle. 
Gals, per Min. 


1¥s-Inch 
Ring Nozzle. 
Gals. per Min. 





uaiity Rubber- 
nside Smooth 


4 


4 best 
‘080. — 


Unlined Linen Hose. 
Inferior Rubber-lined Cotton 
**Mill Hose.”"—Inside Rough. 


Ordina 
lined 





uality Rubber- 
nside Smooth. 


se 


best 


Hose 


Inferior Rubber-lined Cotton 
“Mill Hose.”’—Inside Rough. 
lined 


Ordina 


~ 
i?a) 
Co 

a4 





rs} “I | Unlined Linen Hose. 
ou 


a 
~ 
oo 


I 10) 


132) 135 144 
152| 155! 167 


best quality Rubber 
lined Hose.—Inside Smooth. 


Inferior Rubber-lined Cotton 
“Mill Hose.” —Inside Rough. 


Unlined Linen Hose, 


Ordina' 


| 


66| 67 
94} 96 
115| 117 
133] 135] 143 


nO 
nN ~sI 
=O 





ee | 


uality Rubber- 
nside Smooth 


= 





Unlined Linen Hose. 
Inferior Rubber-lined Cotton 
**Mill Hose.”’—Inside Rough. 


Ordinary best 
lined Hose 


56) 59 
Sr) 84 
98} 99) 103 


113] 114) 119 





HYDRANT 
PRESSURE, 


Lbs. 
per sq. in. 


5 
10 
15 
20 








IOI 


170 174| 187 
187) 191} 205 
201} 206) 221 
215] 219} 237 


149| 151| 159 
163) 165] 175 
176) 179| 189 
188| 191) 202 





126) 128] 133 
138] 140) 145 


149) 151] 157 
159| 162) 168 


25 
30 
36 





106! 108 


112'113 


117,119 


229} 233] 251 
241} 245| 264 
253) 257| 277 
264} 269) 289 


200} 203| 214 
211} 214) 226 
2a1| 224 237 
231) 234) 247 


169 172| 178 
179} 181| 188 
187 189) 197 
196] 198; 205 





275| 280! 301 
285| 291) 313 
295} 301) 324 
305} 311] 334 


240) 244) 257 
249) 253| 267 
258) 262 276 
266| 270) 285 





20s! 206! 214 


212| 213| 222 

219) 221) 230 
| 

226) 228) 237 





153 
158 














314| 320! 345 
323] 329| 355 
332| 338] 364 
340] 347| 374 











274| 279| 204 
282) 287) 303 
290) 295| 311 


298) 303) 319 





233) 235 244 
239) 242 252 
246) 249, 259 
253| 255, 266 








NOTE. — The above figures for Ring Nozzle Discharges will apply to any ordinary form 
of Ring accurately enough for practical purposes, but apply especially to ordinary 


© form of Ring Nozzle with square shoulder 


or } inch deep. 


Ring Nozzles with “ under-cut” or “knife-edge”’ shoulder, discharge, as ordinarily 
constructed, about 3 per cent. less than quantity given above. 
50 








160 
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“== Discharge of Nozzles attached 








































































































‘ 1%-Inch | 1%4-Inch | 1¥e-Inch i he 
HYDRANT Smooth Nozzle. | Smooth Nozzle. | Smooth Nozzle. | Smooth Nozzle.| or 1-inch Ring’ 
PRESSURE Nozzle, 

Gals. per Min. Gals. per Min. Gals. per Min. Gals. per Min. Gals. per Min, 
ream is 83is 83/3 83133 83is 83\aa 
aowing |. |zeleel , leslsel « lesizel « lesleel « (esle2 
Hydrant, | g (22/21) g [Z2/e1) 8 [2¢lel] g [2/le7| g [24/21 
as shown. =a {|s3 33 a se 33 seice 4 i23i3s Sodio 

a leslf2] 3 (seif2 1 g leelf2] = leelPe lg [eee 

4/35/22] & |55/E2] 2 S828] & |ES/E3] 4 | Es! 23 
Lbs. a SP (PS a S27 /FE] 2 /S2ls8] 3 Sela] & S23 )\e4 

per sq. in. > 18° 167 Bb ia” [67 S ia’ fe” m 18° |6~ B |.&° \o~ 

5 75| 79| 93] 70| 72) 82] 62) 64) 71] 54] 55/ So] 44 45) 47 

10 IO7/II1/131] 9g/102)116] 88) g1100] 76) 78) 83] 63) 63, 66 

15 131)136|/160] 121/125/143] 108 111/123] 93] 95|102] 76 77| 81 

20 151/157/185] 139|144/164] 125/128|142] 107/110|118] 88) 89) 94 

25 169|176!207 155/161 184] 139|143/158] 120|122/132 99'100] 105 

30 185|192|226] 170,176/202} 152/156)173) 132/134/144 108 110 115 

85 s00)208 245] 184)190/218] 165|/169)188] 142/145|156 117 119 124 

40 214/222|262] 197|204/233] 176/181|201 | 152/155)167] 125 127 133 

45 2261236 278 209|216|247 187}192|213 161/165 177 132|134! 41 

50 239/249 293 aap nat ate 197|202|224 170,174 186 139)142)148 

55 251/261 307 231/239)273 207| 212/235 | 178/182) 195 146148 155 

60 261) 273/320] 241/250/285 | 216)222|245 186| 190 204] 153.155 162 

65 272/284! 333 251|260| 296 225)231 255 194|198|213 159|161| 169 

70 282/294) 346 261 270 307 233/240 265 201/205|221 is aed 

75 292) 304|358] 270 279/319 241/248)275 208)212 228 171|173)182 

80 301) 314/370] 278 288 329] 249/256 284] 215/219 236] 177 179|188 

85 311|3241382 287|297)339 257/264 293 222/2261243 182)185)193 

90 320 333 393 295 306/349 264/272) 301 | 228 233/250 188 | 190] 199 

95 329} 342/403 303}314/358 272/279) 309 | 234/239 257] 192|195)204 

100 337/351 414 311|3221368 279|287|317 | 240/245 264] 197|200/210 














Quantities are stated in United States gallons of 231 cubic inches 
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TABLES. emeeees) 
to 100 Feet of 24-inch Hose. 


J.R. Freeman, 1888. 





























%4-lach 1%-Inch 1%4-Inch 1/s-Inch 
Smooth Nozzle, : 
or }-inch Bing Ring Nozzle. Ring Nozzle. Ring Nozzle. 
Gals. per Min. Gals. per Min. Gals. per Min. Gals. per Min. 
Bd te Ba) ba Bd) ta &2, £2 | HYDRANT 
22|2% 22 | 23 22 | 23 £5) 2% 
og|e8 Og) 58 og | 58 63|22 | PRESSURE. 
vo |sa so | ha go| =a go | =n 
$ |23 23 ¢ | 23) 23 § |23| 33 $123) 28 
22\a3 ||| 2 |22|22 | £\22\ 33 | 2 |42| 32 
e(2lei i] sif|a1 | el )d1 | lila 
& 33/83 &|s3| 8s & |3¢| 83 & |3¢| 83 
\eslee |] slee|be | gleelbe | 3 |e es 
8 |cS |e e |za| eg a |cs| &3 2 |es| es 
q |$3\32 a |23) 38 @ |$2| 5 = | 22) 8 Lbs. 
p 18 io St is" Sin te- a re te per sq. in, 
34| 34] 35 ||| 67] 69) 78 | 60) 62) 68 | 52) 53) 57 5 
8) 49| 50 94] 97110 | 85] 87} 96 | 74) 75] 81 10 
59} 60) 61 115) 120) 135 | 104) 107| 117 90] 92| 99 15 
68) 69] 71 133 138/155 | 120) 123] 135 | 105] 107| 114 20 





76| 77) 79 |I| 149 154 174 | 134/138] 151 | 117 119) 128 25 
84 84! 87 163, 169, 191 | 147) 151| 165 | 128) 130) 140 30 
90} 91} 93 176) 182) 206 | 159] 163/179 | 139] 141| 151 35 
97| 97|100 188) 195} 219 | 169/174) 191 | 148) 151| 162 40 


103 103/106 200} 207] 233 | 180] 185) 203 | 157| 160) 172 45 
108/109] 112 211| 218) 245 | 190} 195| 214 | 165] 169] 181 50 
113/114|117 ||| 221] 229] 257 | 199] 204| 224 | 173] 177) 189 55 
118,119|122 |]| 231] 239 269 | 208) 213/234 | 181| 185| 198 60 
123'124' 127 241| 248| 280 217 222) 244 189) 192] 206 65 
128|129 132 ||| 250| 258) 291 225, 230) 253 | 195/ 199| 213 70 
13211331137 259| 267) 301 | 233) 239) 262 203) 206) 221 75 
137/138142 267| 275) 311 240) 246| 270 209) 213) 228 80 


141|142'146 275 284) 320 247| 254] 279 215| 219| 235 85 















































| 
145 146 150 283 393} 329 | 255) 261| 287 | 222) 226) 242 90 
149|150,154 ||] 291] 300) 338 262| 269| 295 | 228| 232) 249 95 
153|154'158 ||| 299] 308; 347 | 269| 275| 302 | 234' 238 255 | 100 
NOTE. — The above figures for Ring Nozzle Discharges will apply to any ordinary form 
of Ring accurately enough for practical purposes, but apply especially to ordinary 
form of Ring Nozzle with square shoulder ;/, or } inch deep. 


Ring Nozzles with “ under-cut” or “knife-edge” shoulder, discharge, as ordinarily 
constructed, about 3 per cent, less than quantity given above. 
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(If Gauge is not connectel in this manner, proper cean) 
(aust be wade lor lugs ul pressure VelWeeit Gauge aud Hydra. 


PUMP INSPECTION 


The degree of accuracy attained in estimating 
> of the two preceding tables — Lb, No. 1 and 








HYDRANT Quantity of Water Discharged per minute through ordinary 2%4-inch Fire Hose, 
PRESSURE (United States Gallons of 231 cubic inches.) Open Hose Butt. No Play- 
indicated Length 25 feet. Length 50 feet. Length 100 feet. 


while 
Stream is ] F | eet he pak: 
t Rowing Inferior | Ordinary | Inferior |Ordin 
by Gauge - Rubber- best " Rubver bes 
attached to Unlined | “jined | quality | UPlined| “dined | quality 
yorant, Cotten | Rubber- ; Rubber- 
as shown. | Linen | yin | tinea | Miner | sy lined 
Hose.” Hose. Hose. Se Hose. Hose. 
Lbs Inside | Inside Inside Inside Inside Inside 
per 8q “in Rough. | Smooth, Rough, | Smooth. Rough. | Smooth. 
. in. } 


10 | 242 | 297 | 176| 188] 242 140 | 188 
15 PP | 363]. < 297 171 | 230 
20 3 419 343 266 
25 | & 468 383 297 
30 326 
35 352 
40 376 
45 399 
50 313 | 420 
56 328 | 440 
60 343 | 460 
65 358 | 480 
70 


75 
80 
85 
90 
95 | 5712/5747 
100 730 | = 766 | 
110 766 |” 806 
1.0 800 
NOTE. — The above values are based on experiments with these kinds of Hose attached 
to a Chapman 4.way Independent Gate Hydrant (Coeff. Disch. by Expt. 0.;1. So 
far as influence of kind of Hydrant upon discharge is concerned, the same va'ues 
are correct enough for practical purposes, except as noted in margin of columns. 
It will be noted that this table gives. for each length, the disch»nge through the best or 
smoothest hose, and gives, »lso, discharge for same length of Hose with roughest 


water-way. By use of x little judgment in interpolating between these two values, 
error, in ordinary use of taLle need not exceed 10 per cent. 














ary Inferior |Ordinary 
t Unli Rubber- best 
nlined | “lined quality 
Cotton | Kubber- 
* Mill lined 
Hose.” Hose. 


Linen 


Hose. 








greater. 
greater. 
greater. 





nN 
N 
eo 


2514 
554 
593 
630 


er cent, 





e 5 per cent. 
be 9 per cer 
be 3 per cent, 

G2 GH Gos Ww 


g 





b 
in 
7s 





ie) 
~ 


664 
696 
726 
756 
784 
812 


lischarge would 


Q = 
> oO 
rge Ww 
be wn 
lon) 
> © 
WwW w& 
ny Oo 
mb © 








wn 
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371 | 498 
384 
397 
409 


ons 


rh PhP HP Ww 


a od 
ao 
Wn ww 


° 
on ano 


reof Style A, discharge would] be 1% per cent. 


Were ot Style A. 
were of Style A, \discharge would 


were of Style A, |discharge would 
a 
- 
_ 

were of Style A, |discharge would 


were of Style A 
aa 
ao 
wi Ww 


_ 

“I 
° 
fon) 


706 | 





CO | 
wo | 
> 
If Hydrant 
~ 
N 
“I 
io) 
\o 


727 


aut | 


432 
443 
436 | 465 
456 | 486 


If Ulydrant 
anm wn 
nh oO 

> 


uno wu 
Ww 

~ 

nw 


If Hydrant 

If Hydrant 
a 

= NI Go 

If Hydrant 

If Hydrant 
> + 
° 


If yar 





g 





| 
| 
| 
| 
| 
421 | 
| 
| 
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ow 
= 0 
> Dn 


2 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


TABLES.— ‘Open Butts.” 


discharge through “Open Butt”’ is, not nearly so great as may be attnined by the methods 
B, No. 2 — by reason of greater influence of form of Hydrant and differences in Hose. 


TasB_Le B.—No. 3. 








with Couplings of 24-inch Bore. 
Pipe or Nozzle attached. 





Discharge through Open 
Rutt of Hydrant, 
without Hose attached, 





Length 200 feet. 


Length 400 feet. 





Inferior | Ordinary 
Rubber- best 
lined 
Cotton 
“Mill 
Hose.” 


Inside | Inside 
Rough. | Smooth. 


Inferior Ordinary 
Rubber- best 
lined quality 
Cotton | Kubber- 
* Mill lined 
Hose.” | Hose. 


Inside Inside 
Rough. | Smooth. 


HYDRANT 
PRESSURE 


indicated 
while 
Stream is 
flowing 
by Gauge 
attached to 
Hydrant, 
as shown. 
Lbs. 
per sq. in. 


Discharge of 
One Nipple 
of Chapman 

4-Way 
pendent 


Gate Hydrant. 


Diameter of 
Outlet exactly 
244 inches. 


Gals. per Min. 





102 140 
125 171 
144 199 
161 222 


74 102 
go 125 
144 
161 


10 
15 
20 
25 


419 
513 
592 
663 





177 | 243 
190 
204 
217 


228 
239 


260 


177 
190 
204 
217 


30 
35 
40 
45 


725 
783 
837 
888 





228 
239 
250 
260 


50 
55 
60 
65 


936 
982 
1026 
1067 





270 
279 
288 














Ww WH WH Ww 
mo nN = Od | 
> © - Oo 





Ge 





70 
75 
80 
85 


1108 
1147 
1184 
1221 


NOTE. — Slight peculiarities of 
construction in different makes 
of Hydrants so affect discharge 
from open butts of Hydrants 
without Hose, that these figures 
apply only approximately to dis- 
charge of Hydrants in general. 


By using good judgment in 
applying corrections as per notes 
below, results accurate to within 
10 per cent. may generally be 
obtained. 


(Style A.)\—Ordinary Matthews 
(R. D. Wood & Co.’s) Hydrant 
without independent gates, in- 
side corner being rounded off, 
will probably discharge about 20 
per cent. more. 


(Style B.)— Ordinary Chapman 
Hydrants without independent 
gates have square inside cor- 
ners, and will probably discharge 
about 10 per cent. more. 


For the ordinary Ludlow and 
Lowry Independent-Gate Hy- 
drants or Chucks, fiyures in 
table are probably nearly cor- 
rect. 


If diameter of outlet is not ex- 
actly 244 inches, an additional 
correction, as follows, must be 
made ; — 








90 
95 
100 


120 





1256 
1290 
1326 
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Jet Diacram. — Fie. 26. 


This contains information in very handy form as to the distance a jet can reach 
in any direction whatever. 

It applies particularly to the 14-inch jet, but for nearly all practical purposes 
will answer for jets of from 1 inch to 14 inches in diameter. 


Table C. 


This is of interest mainly in illustrating what can be done with a given 
hydrant-pressure, according to length and kind of hose used. 
Note the difference in effective height and force of jet, dependent on whether 


"500 feet or even 250 feet of hose is used, or whether 50 feet is used, as in the 


ordinary practice test. 

Note, also, the inferiority of linen hose for use in long lines, such as are 
called for in connection with yard hydrants. 

Thus suppose that at a given mill there is available a static pressure of 80 
pounds, and that the hydrant pipes are of such ample size that pressure at 
hydrant will be 70 pounds when streams are playing. 

We see from table that if 13-inch nozzles are used, the height of the effective 
fire-streams obtainable will be: — 


With 50-foot line of 24-in. linen hose a P ‘ ‘ - 73 feet. 
o 950 “ se oc “e oc “ce F ‘ Pp ‘ ‘ ~ 42 iz 
“ 500 * Toni: ‘cc &“ ‘“ 4 3 é : : * 4 Q7 «6 
With 50-foot line of best and smoothest 24-in. rubber-lined hose. 8E «* 
“ 250 ec “ec “cc “ “ “ se “cc “ 3 61 “ce 
o 500 “cc “ce “ 6s “ce “cc iz3 “ ce ‘ 46 “cc 


Note how quickly the inferiority of 2-inch hose develops when length much 
exceeds 50 or 100 feet. 


Thus: with 250 feet of 24-in. linen, effective height of stream = 56 feet. 
“ 950 * 6&6 2-in. “ se“ “cc “cc “ =20 * 


Note also the effect which even }-inch increase in diameter has in reducing 
friction loss in the huse. 


Thus, with 500 feet of smoothest and best rubber-lined hose — 


If diam. be exactly 24 in., effective height of stream will be 39 feet. 
If diam. be 3th in. larger, “6 sss 6s co cm ag 


TureEE-Incu Hose. 


It will be noted that in Table C values are given for fire-hose of 2} inches 
and 3 inches internal diameter. Very little hose of these sizes has yet got into 
practical use; but the writer has for some months been urging several of the 
leading hose-makers to introduce such sizes as matters of regular stock, for the 
Teasons stated on page 113, to which reference may be made. 
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DISCUSSION. 


The PresipEent. — We have all listened with great interest to Mr. Freeman’s 
paper, and I am certain that he has not given us all the information he has at 
hand. If any gentleman would like to ask any questions suggested by the paper, 
I have no doubt Mr. Freeman will be glad to answer them, or if any member 
wishes to discuss the paper, he can now have an opportunity. 

Mr. Tripp. — When Mr. Freeman told us of the discrepancy between the tables 
of Mr. Ellis and his own experiments, it occurred to me it might be explained in 
this way: that Mr. Ellis, in getting at the amount of water discharged by his 
streams, used a meter on the hydrant, —at least he explained to me that was his 
process of getting at it, and probably the fifteen to eighteen per cent. the 
gentleman alludes to represents the obstruction offered by the meter. (Laughter.) 

Mr. Jones. —I do not wish to say anything with regard to the scientific portion 
of Mr. Freeman’s paper, but I should like to say a word upon a practical matter 
which I think should be considered when he speaks of increasing the size of hose 
to two and three-quarters or to three inches. The old Boston fire department, of 
which I was a member for a number of years, used only 2-incb leather hose, and 
the hydrants of the olden time were only two inches at the nozzle outlet. In 
1855 the first steam fire-engine came to Boston, from Cincinnati, I think. This 
steamer used leather hose three inches in diameter. The objection to that was, 
and it seemed to me as a fireman to be a very serious matter, — you understand 
that 3-inch leather hose had to be much heavier and stronger than 2-inch, — that 
it was very inconvenient to handle it full of water onaladder. That was the 
objection made at the time. It was, however, quite a jump from two inches up 
to three inches. It seems to me that 3-inch hose would be a very good thing to 
use on level ground, when you wanted to supply a hose-tower, or anything of that 
kind, but I shouldn’t want to be one of the men — at my time of life, at any rate — 
to handle a 8-inch hose on a ladder at the top of a six-story building. (Laughter.) 

Mr. Freeman. — I am very glad, indeed, Mr. Jones has called attention to this 
point, and it is a point I had considered in the paper before the American Society 
of Civil Engineers. If it proves impracticable to take 3-inch hose up a ladder, then 
by having the hose-couplings entirely interchangeable it would be a very simple 
thing, having laid a line of 3-inch hose along the ground, to make on to its end 
with a short line of 24-inch unjacketed hose for taking up the ladders and into 
the building. By a little change in the tactics, this could be arranged all right. 
Very likely I should not myself feel like dragging a 3-inch hose, filled with water, 
up a high ladder into a building. 

Mr. Jones. —I was going to observe, that with two lines of hose with different 
sizes that might be arranged. But to use any hose larger than 24-inch on ladders, 
unless we have other means of handling the hose than human strength, I think 
would be a disadvantage. 

Mr. Freeman. — Practice gives a more satisfactory demonstration than theory, 
and so I may state that the city of Pittsburg now has upward of ten thousand feet 
of 3-inch hose in active use in its fire department, and that they are well satisfied 
with the change. They take it up ladders, too. 

The PresipEent. — This question is very pertinent at the present time, in view 
of the large fires which have recently occurred. I had hoped to have been 
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able to give you some definite data in regard to the number of streams played 
and the amount of water used at the Boston fire of November 28. I have not, 
as yet, been able to get the matter into presentable shape, but I hope to be able 
to give it later. I think that the quantity of water used and the number of 
streams played during this last Boston fire was as large as will often be required. 
I think we may well continue the discussion, perhaps bringing out some of the 
points with regard to the quantity of water used at fires, and I would ask Mr. 
Haskell, of Lynn, if he can give us any information with regard to the water sup- 
plied at the Lynn fire. 

Mr. HasKett. — Mr. President and Gentlemen: A few days ago I received 
an invitation from Mr. Brackett to be present here and give you some informa- 
tion with regard to the amount of water that was used at the Lynn fire. 

The source of supply on which we depend is by four artificial basins formed 
by dams across brooks, and the water of another brook taken direct by gravitation 
to the pump well, from which it is pumped into a reservoir by a Leavitt engine 
of 5,000,000 daily capacity, and a Deane engine of 3,000,000 daily capacity. The 
distributing pipes are a 16-inch main, a 12-inch high-service main direct to the 
highlands, which can be turned into the low service before it reaches the high- 
lands, and a 12-inch connection with the force main from the reservoir. At the 
second alarm the high service was turned on, and as soon as it became evident 
that a large fire was in progress, the 12-inch gate from the force main was opened. 
At the time of the first alarm the reservoir contained 20,510,872 gallons, and the 
Leavitt engine was pumping from the brook supply. In addition to our own 
supply, the Marblehead Water Company furnished water through a 6-inch pipe. 
The burnt district was environed and intersected with streets supplied with pipes 
as follows: One 12-inch, five 10-inch, three 8-inch, four 6-inch, eight 4-inch, 
provided with 35 hydrants. 

While it is impossible to give a definite statement of the number of streams 
drawing at the same time from any section of pipes, the whole number of 
engines was 19, and the amount of water used from 12 M. until 6 P.M., was 
2,908,477; from 6 P.M. till 6 A.M., 5,373,282; from 6 A.M. to 12 M., 2,827,- 
736, — making a total used in 24 hours of 11,109,495 gallons. Deducting the 
average daily consumption, we have 8,780,285 gallons as the amount used for the 
first 24 hours of the fire, — 8,780,285. 

The large piles of coal and dédris left burning in the ruins required a continued 
use of water through hose from the hydrants amounting to 19,376,984 gallons. 

One large waste of water came from the services in the burned buildings; as 

each building was destroyed, the service was added to the draft on the pipes. 
Some of the largest services were shut off before the buildings fell. 
. The stand-pipes put in for insurance purposes are a great source of waste, as 
the pipes are large, and cannot be shut off as long as they are liable to save the 
buildings, when in many cases it would be impossible to close the gate. During 
the progress of the fire no bursts occurred in the pipes, and nothing occurred to 
interfere with the circulation of the water. (Applause. ) 

Mr. Sueppv. — I was much interested in Mr. Freeman’s paper, and I think he 
has given us a great deal of information on the subject of water supply for fire 
use. I think, so far as my observations and experiments have extended, they 
would harmonize entirely with the statements which he has made; and the sug- 
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gestions which he makes I consider are very valuable indeed. It is a matter of 
very great consequence to those who own property and to the fire-insurance 
companies that an ample supply of water should always be ready for use ata 
fire. The pipes for our modern systems of distribution I think are generally 
very well devised for fire protection. It costs about half the whole cost of 4 
water system to make it suitable for furnishing water at fires, and very often the 
revenue does not equal the legitimate cost for that purpose. Buta great many 
of the distribution systems are in an unfortunate condition. A good many lines 
of pipes across a system of distribution, from the source of supply to nearly the 
end of the district to be protected, would in many instances be very valuable; 
and I hope the result of discussions of this sort will be to put a good many dis- 
tributions into a better condition to be suitable for use in putting out large fires 
than they are in now. 

Mr. Hawes. —I would like to ask Mr. Haskell whether there was water enough 
at the Lynn fire, or whether they were troubled with lack of supply? 

Mr. Hasxett. —I do not think there ever was a large fire of that sort when 
any one would say there was water enough, even if enough was used to flood the 
district ten or fifteen feet deep. 

Mr. Hawes. — It strikes me the idea which was suggested of using two sizes 
of hose at a fire is a little impracticable. At most fires I have attended the fire- 
men are apt to be in a hurry, and they wouldn't be likely to stop at the foot of a 
ladder and hunt around after a 24-inch hose to couple on. They would go right 
up with it, I guess, no matter what size the hose was. I think they would take 
it up if it was five inches, and they had to put a man on every round of the 
ladder. (Laughter and applause.) I never saw firemen at a fire but once when 
there wasn’t any hurry, and that was down at Nantucket. There happened to 
be sixteen of us down there one day who belonged to Cataract No. 3, of Fall 
River, when there was an alarm of fire, and when the machine went by we saw 
it was Cataract No. 3, and so we all took hold and went to the fire. (Laughter.) 
When we got there we found it was a barn. A ladder was put up, and one of 
our men took an axe, when the owner of the barn rushed up and said: “ Don't, 
don’t cut that door! Wait a minute and I will get a screw-driver, and you can 
take the hinges off.” (Laughter.) This is the only fire I ever went to when 
they were not in a hurry. 

Mr. HasKketi. — Mr. Hawes’ remarks lead me to think that perhaps the fire- 
men at Lynn had ample time in those cases Mr. Freeman spoke of, where they 
had run 2,000 feet of hose. They must have gone by a number of hydrants 
before they attached their hose, for I think there was no place where they could 
have gone 500 feet without finding a hydrant. 

Mr. Winstow. —I would like to ask Mr. Freeman in what way this friction 
loss in hose was determined; in other words, how the hose was laid, — whether it 
was laid straight, or laid as it naturally would be by the fire department. The 
reason why I ask this question is that Ellis’ book is considered as authority by 
the firemen in my place, and you say he is in error about eighteen per cent. I 
don’t know in his case whether the hose was laid as firemen would lay it, or 
whether it was laid for the experiment, and that is the reason I ask you how 
yours was laid. 

Mr. Freeman. — The point in which I referred to Ellis as being eighteen per 
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on to the number of gallons discharged per minute, not 
oss in the hose. In determining the amount of pressure 
, | experimented with the hose straight, and also with 
he firemen would lay it, and found that between laying 
e was a difference of about six 


cent. in error was in relati 
jn relation to the friction 1 
Jost by friction in the hose 
the hose crooked, just as t 
it straight and laying it in a serpentine form ther 
per cent. in the amount of pressure lost by friction. 
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